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To keep voices traveling strongly through telephone 
cables, you have to keep water out. This calls for speed 
in locating and repairing cable sheath leaks — a hard 
job where cable networks fork and branch to serve every 
neighborhood and street. 


At Bell Telephone Laboratories, a team of mechanical 
and electrical engineers devised a way to fill a complex 
cable system with dry air under continuous pressure. 
Pressure readings at selected points detect cracks or 
holes, however small. Repairman can reach the spot 
before service is impaired. 


It’s another example of how Bell Laboratories works 
out ways to keep your telephone service reliable — and 
to keep down the cost to you. 


Air compressor and tank are at right. Long cyl- 
inders on rack dry air before it enters cables. 


He's checking the air pressure in a branch cable, one of 
scores serving a town. The readings along the cable are 
plotted as a graph to find low-pressure points wnich indi- 
cate a break in the protecting sheath. 


Master meters keep watch over the various cable 
networks which leave a telephone office in all 
directions to serve a community. Air enters the 
system at 7 pounds pressure, but may drop to 2 
pounds in outermost sections—still enough to 
keep dampness out. 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers for creative men in mechanical engineering 
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new (Gth) edition! ... 


McLESTER and DARBY on 


The wide and very real usefulness of this 
book is evidenced by the emergence of this 
New (6th) Edition. Only books that fill a 
need and fill it well survive to such a rare and 
healthy maturity. Thoroughly revised, it re- 
tains its reputation as the text of authority 
on all problems of nutrition. 


This is really two books in one—Nutrition 
in Health and Nutrition in Disease. The sec- 
tion on Nutrition in Health is especially 
worthwhile because of its discussion of Vita- 
mins—the most complete to be found in any 
text today. The roles of vitamin By, Bg, and 
the folic acid group; the necessity for amino 
acids; the interrelation between acids and vi- 
tamins—all of these subjects have been in- 
cluded. Suggestions on dietary requirements 
from infancy to old age are also given. 


The section on Nutrition in Disease is high- 
lighted by information on deficiency dis. 


W. B. SAUNDERS COMPANY 
Philadelphia 5 
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eerition and diet in health and disease 


eases, diabetes mellitus, food poisoning and 
allergy, nutrition in surgery and endocrine 
disorders. Of course, therapeutic diets are 
given for all of these conditions (including 
elimination diets) . 


In addition, there is highly useful informa- 
tion on water balance in relation to nutrition, 
obesity and leanness. Diet therapy in rheu- 
matoid arthritis and in various skin dis- 
orders is discussed, and there is a thorough 
explanation of the low-salt diet in congestive 
heart failure. 


The authors have left nothing undone in this 
revision. “Nutrition and Diet Therapy” will 
pay for itself many times over in better 
dietary planning and management. 


By James S. McLesrer, M.D., Professor of Medicine 
Emeritus, University of Alabama; and Wuttam J. Daney, 

D., Ph.D., Professor of Biochemistry and Director of the 
Division of Nutrition, Vanderbilt a Hea song 
6” x 9”. $10.00. New (6th) ition 
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The Welch 


Duo-Seal Mechanical and Difliasion Pump 
HIGH _VACUUM--.001 Microns (.000001 mm.) 


SPEED AT .1 MICRON De 


HI 
10 Liters per Second Ts 
tion, i 
EASILY PORTABLE 
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FAST PUMPING 
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Patent No. burgt 
2337849 is a. 
No. 1392 
place 
This unit consists of our model 1400B Duo-Seal Pump mounted immediate peop! 
with model No. 1391 Diffusion Pump. Both pumps are mounted engin 
on a common base and the entire arrangement makes a very 4 
compact unit. The unit is supplied complete ready for operation. Shipment Py 
The diffusion pump has the heating element incorporated in the anes 
base—no additional heater required. It is of all metal construc- — 
tion. No breakage problem as with glass models. The unit is : : . : the b 
available in both water and air cooled models. In the absence Available - other combinations labor 
of specific choice we will supply the water cooled model. with speeds ranging from 300 to volvi 
No. 1392. Combination Pump. For operation on 110 6,000 liters per minute at pres- dustr 
$244.00 sure of .1 micron. Th 
phys 
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Gulf Research & 


Development Company 


HE Gulf Research & Development Company, a 
"Tenolly owned subsidiary of the Gulf Oil Corpora- 
tion, is situated near Harmarville, Pennsylvania, on a 
tract overlooking the Allegheny River, 15 miles north- 
east of downtown Pittsburgh. Of its 1280 employees, 
approximately 450 are scientists and engineers, 365 
are technicians, and 465 nontechnical or service per- 
sonnel. In addition, the research organization directs 
and coordinates the activities of nearly 900 people 
engaged in geophysical exploration in the United 
States, Canada, Europe, Africa, and South America. 

Practically all the research activities of the parent 
corporation are carried on in the laboratories of Gulf 
Research. In concentrating research and development 
on all phases of petroleum technology, from explora- 
tion to refining and product development, Gulf Oil 
has adopted a course unique among large integrated 
oil companies. Other companies have customarily lo- 
cated their exploration and production laboratories in 
major oil-producing areas, and their process and prod- 
uct research near principal refineries. Today, with 
erude oil production a worldwide operation, and eom- 
munication and transportation at high stages of ad- 
vancement, Gulf feels that there is no disadvantage in 
locating its combined research facilities near Pitts- 
burgh, the headquarters of the company. Indeed, there 
is a distinct advantage in bringing together at one 
place the ideas, experience, and training of technical 
people with backgrounds in all branches of science, 
engineering, and petroleum technology. 

The research organization consists of eleven major 
divisions, with ten of them engaged in research and 
development work, and the eleventh responsible for 
the business and nontechnical service functions of the 
laboratory. Among the technical divisions is one in- 
volving a fellowship at the Mellon Institute of In- 
dustrial Research, engaged in fundamental research. 

The ten research divisions are concerned with geo- 
physical methods and instrumentation; petroleum 
geology; well-drilling equipment and techniques; oil 
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reservoir engineering; corrosion, metallurgy, and ma- 
terials testing; crude oil evaluation; refinery tech- 
nology; chemical manufacturing processes; economic 
studies on chemical and refinery processes; develop- 
ment of analytical and testing procedures; automo- 
tive, marine, aircraft, and diesel engine research; and 
the development of petroleum fuels and lubricants. 

One division, responsible for all geophysical explor- 
ation in the field, equips and directs 50 field parties 
seattered throughout the world. Field data gathered 
by these parties are analyzed at the laboratory and 
lead to recommendations for leasing land and drilling 
wells. Gulf was not only a pioneer in geophysics and 
reservoir engineering, but was the first of the oil eom- 
panies to recognize the importance of applied physics 
in solving technical problems of the industry. 

The Gulf Laboratory, established at its present site 
in 1935, now has 19 buildings for research and devel- 
opment, and again as many auxiliary or service build- 
ings. Testing and analytical equipment is of the latest 
design and includes all types of spectrographs, two 
mass spectrometers, and an electron microscope. Con- 
stant-temperature rooms ranging from —30° F to 
+130° F are available, with some large enough to 
accommodate full-scale test engines. Two road-test 
chassis dynamometers make it unnecessary to drive 
test cars on public highways under adverse weather 
and traffic conditions. A large, well-equipped machine 
shop builds special research equipment and makes 
most of the complex instruments used in geophysical 
field operations. Six expert glassblowers, equipped 
with the most modern glassblowing tools, fabricate 
the intricate glass apparatus used in research. Excel- 
lent technical information service is furnished with 
the aid of a 15,000-volume library. 

The problem of guiding and coordinating the re- 
search program could be a difficult one, but this has 
been accomplished effectively through advisory com- 
mittees made up of representatives of the research 
organization and of the operating divisions. 

Gorvon H. 
Gulf Research & Development Company 
Pittsburgh, Pennsylvania 
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Unusually versatile in use, nuclear’s “Roto- 
Matic” Model C-110 Automatic Sample 
Changer is designed with simple mechani- 
cal operation for reliability and long oper- 
ating life. This compact changer (14”x 15”) 
uses minimum bench space, yet carries up 
to 50 samples at one time. Any number up 
to 50 can be counted, the cycle repeated, 
or background count recorded. There is 
no time lost with blank positions. All 
samples are counted while fully shielded 
by 2” of lead. 


Model C-110 operates with any sealer 
because it incorporates eight preset count 
settings. It may also be controlled by a pre- 
set time or preset count scaler, or will pro- 


or 
RADIOLABORATORY 
SAMPLE COUNTING 


vide preset time operation with any scaler 
and a suitable timer. The associated printer 
provides a permanent record. 


Heart of the “Roto- Matic” sample changer 
is the simple three-position “Auto-load” 
turntable which selects a sample, places it 
in counting position within the shield, and 
loads it into the storage sample magazine 
when the count is completed. Both sample 
magazines are clear plastic so that progress 
can be easily observed. Expendable sample 
carriers and the chrome-plated turntable 
make decontamination easy if necessary. 


Model C-110 Automatic Sample Changer 


is available on good delivery. Write for 
details today. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


237 West Erie Street . 


Chicago 19, Illinois 
Branch Offices: New York, N. Y.—Los Angeles, Calif.—Silver Spring, Md. 


Cable Address: 
Arlab, New York 


Export Department: 13 East 40th St., New York 16, New York 


; Scaling Units for Every Type of Radiation Countian: 


@ Complete “Packaged” Counting Systems 
®@ Health Monitoring Instruments for Personnel Protection 


; @ Portable Count Rate Meters : 


@ Radioactive Chemicals 
@ Glass Wall, Mica Window, and Windowless Counters 


@ Complete Line of Accessories for the Nuciear Laboratory 


lear “PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 
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is important in the purchase 
of laboratory ware, too! 


DOUBLE ECONOMY—PYREX® test tubes are actually lower in cost as 
they outlast other brands on a service for service basis. 22 standard sizes 
from 10 x 75mm. to 65 x 500mm. enable you to meet every requirement. 


One thing you've got to give the squirrel, he 
looks out for himself as a matter of instinct. 

As a matter of experience, educators know 
PYREX® laboratory ware to be the answer 
to real classroom economy. And for a very 
good reason. The extra durability of PYREX 
apparatus withstands the abuse it so often 
gets in inexperienced hands. 

Records maintained by 49 high schools, for 


example, show that PYREX brand test tubes 
outlast other brands as much as 2 to 1! The 
answer? Greater resistance to both thermal and 
physical shock plus chemical inertness in the 
presence of acids and many alkaline solutions. 

So here is one way you can stretch your 
1953 budget . . . specify PYREX laboratory 
ware for all of your requirements. Your labora- 
tory dealer stocks it for you. Call him anytime! 


® 
PYREX the laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, CORNING, N. Y. 
meant research ie Class 
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“they'll be clean as a whistle .... 


It's the patented Technicon syphon-cycle that does it. Twice every 
minute, seven fresh gallons of water are surged through the 
pipettes, loosening and dislodging clinging residues. Wastes are 
literally swept out by the violent suction set up during the brisk 
ten-second emptying phase of the cycle. 

So rapid, so thorough is the Technicon Washer that six flushing 
cycles will deliver a full basket-load of immaculately clean pipettes 
(it holds up to 200 pipettes, 1 ml, 18” long). The non-corroding 
stainless steel basket carries its load of pipettes without changing 
through cleansing, washing and drying. Practically eliminates break- 
age and chippage because it requires no individual handling, no 
shifting from container to container. A MUST for the busy labora- 
tory. Ask for Bulletin 6150 giving particulars, 


THE TECHNICON COMPANY, 215 EAST 149th ST., NEW YORK 51, N. Y. 
6 


n 3 minutes! 


You're looking at a load 
of soiled pipettes going 
into the Technicon Pipette 
Washer. Three minutes 
from now they'll be out 
again — but sparkling 
clean! 
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600 POWER 


IMPORTED MICROSCOPE 


You Can Add Other Accessories 2 Eye-Pieces 
8X and 15X) 
This unusual low-price instrument will 
take standard objectives and eye-pieces. bd 
Thus you can add varied-power objectives 


| MAKE YOUR OWN 
Lf ASTRONOMICAL TELESCOPE 


ee have turned out beautiful instruments at a fraction of 
& the cost of commercially built ones. You can do the 
same. No. special skill required. And what pride you 
will take in an Astronomical Telescope you have built 
with your own hands. Your telescope will be worth up 
te $600. Our kits include: PYREX MIRROR BLANK 
—PLATE GLASS TOOL—TEM- 
PERED POLISHING PITCH — J 


and eye-pieces, plus other standard size 
accessories. You can add our triple or (40X) TOP CONTAINERS (Rouge also 
quadruple nosepiece, mechanical stage and (Z included) — FIRST SURFACE 
iris diaphragm. Purchase these accessories . MIRROR FOR DIAGONAL — 
over a period of time—build up to a fine, LENSES FOR 1” F.L. EYE- 
ultra high-power instrument. If interested Rack and PIECE—MAGNIFYING LENS 
in this project, write for MICROSCOPE Pinton Créer Kt scowding to 
BULLETIN W. In any event, your first Focusing dia. desired: ‘ 
step is to purchase the basic 600 Power Revolving 
Microscope—an outstanding value worth e Dise-Light 
up to $75.00. Comes in sturdy, hardwood Suan Mirror with 
case. Order at our low price on money-back Stage SS 70.005-W ...... 8” ...... 18.00 
guarantee. 3-5/8" x 34%" Height 11” 70.006-W ...... 28.00 
Your Chance to Own a Very Fine Instrument MICROSCOPE 
MICROSCOPE 
IMPORTED MICROSCOPE 
EYE-PIECES Imported! Achromatic! Will fit any 
ONLY standard microscope. Packed in con- 
Imported! Will fit any standard micro- venient serew-top plastic tube. Fx- 
100, 200, 300 Power . Value $5.00 to $25.00. cep. value 
Good optical qualities. Fine focusing. 95 Stock Power Price 
Certainly not the equal of a $200 in- Pstpd # 30,045-W 5x $4.00 Pstpd. 
itrument—but definition is surprisingly 30,039-W 5x $3.75 Psted. | 30 046-w 10X —-:10.00 Pstpd. 
clear and good . . . in fact amazingly so 3 OBJECTIVE 30,040-W 8x 3.75 Psted. | 30.047-W 20x 12.00 Pstpd. 
at this price. Serviceable construction. LEN: 30.041-W 10X 3.75 Pstpd. 30,048-W 40x 16.00 Pstpé. 
SES 
The greatest microscope bargain on the RACK & 30,042-W 12K 4.00 Pstpa. | 30.049-W = 24.00 Pstpd. 
market! PINION 30,050-W 
FOCUSING (oll immersion) 32.00 Pstpd. 
TRY IT FOR 10 DAYS . . . if you're REVOLVING 30.051-W 
not completely satisfied your money wil} DISC-LIGHT (Compensating) 16.00 Pstpd. (oil immersion 
be refunded in full. ADJU STABLE with Iris Diaph.) 60.00 Pstpé. 
SQUARE STAGE 
comes picked in sturdy, nara SQUARE IMPORTED! 50 POWER POCKET MICROSCOPE 
2-5/8”) with 
SLIDE CLAMPS | 
Steck Mo. 70,008-W 
.. $14.95 Postpaid i Only 


LOOK AT THESE BARGAINS! 


SLIDE PROJECTOR SETS—Consist of all unm t 

need to make the following size projectors: 
##4029-W—35 mm. $2.85 Postpaid 

Stock 74038-W ......... 24%" x2%%” ......... $8.85 Postpaid 


SO MUCH for SO LITTLE! 


SIMPLE LENS KITS! — Kits include plainly written, illus- 
rese lenses in experimental 
TELESCOPES, low power Micreecopes, etc. 
Steck #2-W—10 lenses ................:..... $ 1.00 Postpaid 
W—45 lenses 5.00 P 


Stock #5-W—45 lenses ostpaid 
Stock 710-W—80 lenses $10.00 Postpaid 


NON-ABSORBING BEAM-SPLITTING MIRROR — Latest 
t! Optically flat to % wave length. Size: 

x 2-15/16"—%” thick. Reflects approximately 50% 
and transmits approximately 50%. No ight is absorbed 
Has a three-layered film which accomplishes non-absorption. 
$5.00 Postpai 


$ 

Polished Chrome Diagonal Bottom! 49 
Dozens of Fascinating Uses. Easy to focus. Exeelient, 
strong optical system. Practical for all sorts of ' 
minute, close-up examinations. Gives wonderful, sharp, clear magnification. 
Polished chrome diagonal bottom concentrates light on subject. Here’s the 
most compact, handy microscope ever offered at the price—a $7 value. Metal 


body has hard, gray finish. Instrument weighs approx. 2 om. 4%” long. 


PREPARED MICROSCOPE SLIDE SETS 10 Slides In Set—Standard Size 
Stock No. 40,006-W Vegetables ...... (Per Set) $2.50 P.P. 
Stock No. 40,007-W Amimats .... (Per Set) $2.50 P.P. 
Stock No. 40,008-W Micro-Organisms .............. (Per Set) $3.00 P.P. 


EVE-PIECE MICROMETER—Imported! 19 mm. diameter. 10 mm. scale divided 
into 100 parts. Val. $5.00. 

STAGE MICROMETER—Imported! Rectangular glass slide with photographic 
scale—1 mm. long divided into units of 0.01 mm. Val. to $10.00. 


REVOLVING NOSEPIECE—Imported! Triple and quadruple. For Standard size 
microscopes and objectives. 


Stock 330,037-W ... Triple ...... $11.00 Pstpd. 
Pstpd. 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


We Hove Literally Makons of Wer Surplus 
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Stock 330,038-W ... Quadruple ... $13. 


OR 


ORDER BY STOCK NO. chest om. 


OPTICAL BARGAINS 
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A. H. T. CO. SPECIFICATION 


STOPCOCK TENSION CLIPS 


For INSTANT attachment to, or removal from, practically 
any stopcock with plug furnished with groove for rubber washer 


As 
3291-B. Fig. 2. 
i Rear view, showing spring opposed jaws. 


{ 
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3291-B. Fig. 1. 
Method of attachment to, or removal from, 
Van Slyke Blood Gas Apparatus. 


STOPCOCK TENSION CLIPS, A.H.T. Co. 
Specification, (Patent applied for). Of Stainless 
steel, for pressure-tight seating of practically any 
type stopcock with groove for rubber washer at 
small end of plug. 


Can be attached instantly by compression of the spring 
combined with thumb and finger pressure on the narrow 
flanged sides. Can not work loose, but can be removed 
instantly. Recommended for glassware which requires 
hand or mechanical shaking such as Van Slyke Apparatus, 

Separatory Funnels, etc., and to improve the efficiency 

of stopcocks on Burettes, Gas Analysis Apparatus, etc. 3291-B. Fig. 3. 

Clip does not interfere with normal manipulation of the In position on Burette Stopcock. 
stopcock handle. 


3291-B. Stopcock Tension Clips, as above described. For satisfactory use, the stopcock on which 
Clip is used must be furnished with a plug with groove so placed that its distal edge is 
at least 1/16-inch beyond the stopcock shell. 


Maximum jaw diameter, mm. ...........eeeeeee08 11 16 19 
Fits Standard Taper stopcock with straight bore, No.. 1,1%2,2 3,4 5, 6 


10% discount in carton containing 12; 20% discount in lots of 144 or more. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
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“An excellent book far better than any covering the 


same material with which I am acquainted. It is up-to- SCIENCE BOOKS 
date, well presented and there is enough modern Zia from mone 
material to make it attractive. If 1 were to write a text Je ] ki t ‘ 
I would aim at approaching the same standard of ra a 1S on 
excellence.” 


CECIL T. LANE 


Professor, Physics Dept., 
Yale University 


The above quote is typical of what professors are saying about 


PHYSICS 


For Science And Engineering Students 


by W. H. Furry, E. M. Purcell and J. C. Street 
All of Harvard University 


Other professors add: 


“I am favorably impressed by Dr. Purcell’s emphasis upon fun- 
damental physical laws rather than upon details and I like his 
treatment of modern physics, particularly Quantum Theory and 
Cosmic Theory.”—-An Ohio Professor 


“In this book the amount of coverage and the obvious emphasis 
on principles useful in modern physics are surprising. For 
example, I don’t recall any elementary text which discusses 
group velocity or which uses Fermat’s Principle. The sections 
and chapters dealing with quantum theory, atomic physics and 
cosmic rays are so well written that I want the students in my intermediate course in atomic 
structure to read them as a preface to that course.”—A Missouri Professor 


PHYSICS — For Science and Engineering Students 
By Furry, Purcell and Street 800 Illustrations, 694 Pages $6.50 


USE HANDY COUPON THE BLAKISTON COMPANY 
TO ORDER TODAY | = 575 Madison Avenue 105 Bond Street Toronto 2, Canada 
| New York 22, N. Y. 
: PLEASE SEND ME 
(0 PHYSICS—For Science And Engineering Students, $6.50 
(C0 For 90-Day (CO For Personal Use Check Enclosed 
Th Bl k t Examination As Indicated — | () Charge My Account 
@ blaKIS(ON Send C.0.D. 
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NARROW BAND Typical transmission curve of a Multilayer Interference Filter 


MULTILAYER:—Bandwidth gen- 
erally less than 70 A. Peak trans- 
mission above 70%. Supplied 
from stock for mercury green at 
5461 A, sodium D at 5890 A, 
hydrogen alpha at 6563 A, and 
lithium red at 6708 A, with var- 4000 5000 6000 7000 
iance from +30 A to —10 A. WAVELENGTH IN ANGSTROMS 
Available on longer delivery at 

most wavelengths in the visible 

region. Provided in 2” and 1”: 

squares, at $50 and $30. 

STANDARD:—Bandwidth approximately 150 A. BIREFRINGENT: — Custom-built filters 
Peak transmission from 5% to 35%, depending 
on wavelength. Stocked for most wavelengths from 3 , 
3300 to 10.000 A, with peak variance of +50 A. Special order, to bandwidths as low as 1 
Provided in 2” squares, at $25. Angstrom. Prices on request. 


S461A 
73% 


SOA 


TRANSMISSION IN PERCENT 


L 


of the birefringent type are available on 


39 UNIVERSITY ROAD CAMBRIDGE 38, MASS. 


A READY REFERENCE 
That Will Save Time for You 


Use this catalog as a“one stop” source of — 
supplies required in biological and microbio- panna 
logical research. 


It lists Amino Acids, Vitamins, Carbohydrates, RESEARCH 
Adenylates, Nucleates, Purines, Pyrimidines, 
Tetrazolium Salts, Enzymes, Microbiological 
and Bacteriological Media, Complete Animal | = 
Test Diets and Ingredients, and a wide range Write for Your 
of Biochemicals for Investigational Use. Copy TODAY 


GENERAL BIOCHEMICALS, INC. 


® 60 LABORATORY PARK ° CHAGRIN FALLS, OHIO 
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if the betterment of old products, 
in the development of new, 
Noretco X-ray Diffraction is the 
— atomic “third degree” — giving 
America’s leading manufacturers 
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Porpoise Sounds as Sonar Signals” 


W.N. Kellogg, Robert Kohler, and H. N. Morris* 
Oceanographic Institute, Florida State University, Tallahassee, and 
U. S. Air Force Guided Missile Center, Cocoa, Florida 


HE NOTION that porpoises or dolphins— 

and possibly other cetaceans as well—orient 

themselves in the water by listening to the re- 

flected echoes of their own noises offers chal- 
lenging possibilities for research (1, 2). This process, 
known as echolocation or echo-ranging, serves as the 
basis of sonar, and of both sonic and supersenic depth- 
finding. The best example of echolocation among ani- 
mals is the case of the bat, which is known to employ 
reflected sound to avoid colliding with objects while in 
flight. Griffin (3, 4) has shown, in fact, that the cries 
emitted by bats for purposes of echo-ranging extend 
far into the ultrasonic range. 

The study of such a phenomenon in animals of the 
sea involves special problems of its own—particularly 
since scientific knowledge on this question is at present 
extremely meager. In order to determine whether por- 
poises or dolphins employ echo-ranging in water, it 
would certainly be necessary to establish three things : 
First, it must be shown that these animals can hear 
sufficiently well and in the proper frequency range to 
react to the echoes of the sounds they emit; second, 
it must be demonstrated that the noises fall within a 
temporal and frequeney pattern suitable for echo- 
ranging in water; third, it must be established that, 
even though they possess these mechanisms, they ac- 
tually employ them to orient themselves in space and 
to avoid colliding with objects in their environment. 

With regard to the first point, Fraser (5) has noted 
that certain porpoises will swim rapidly away from a 
vessel at the sound of a supersonic depth finder—a 
reaction which clearly implies that they can hear 
sounds higher than man, Whether such hearing actu- 
ally exists, and the limits to which it may extend, have 
recently been investigated (2) by two of the present 
writers in tests upon the bottle-nose dolphin, Tursiops 
truncatus (Montagu). The results indicate that under 
favorable conditions this animal can regularly react 

Contribution No. 15 from the Oceanographic Institute of 
Florida State University. 

*The research as a whole was sponsored by the Office of 
Naval Research under contract Nonr 531 (00), and was aided 
by a grant-in-aid from the Research Council of Florida State 
University. Indispensable to its progress have been the con- 
tinuous cooperation and generous help of Harold J. Humm, 
director of the Oceanographic Institute. 

*The writers wish to take this opportunity to thank C. M. 
Breder, Jr., of the American Museum of Natural History in 
New York City, for permission to use the excellent facilities 
of the Lerner Marine Laboratory, a field station of the Mu- 
seum at Bimini, in the Bahama Islands, B. W. I. We also 
wish to thank Perry A. Sperber and Mrs. M. R. Sperber, of 
the Daytona Sea Zoo, for generous cooperation and aid. The 
acoustical analysis was greatly facilitated by the cooperation 
of the U. 8. Air Force Guided Missile Center at Cocoa, Fla., 


and the U. S. Navy Mine Countermeasures Station at Panama 
City, Fla. 


March 6, 1953 


to vibrations in water as high as 80,000 eycles/see. 

As a consequence of these findings, interesting ques- 
tions at once arise regarding the second point. For 
example, if 7. truncatus is able to respond to fre- 
quencies in water at such a high level, what kinds of 
sounds does he himself produce, and are they also 
ultrasonic? That porpoises make a variety of noises 
has often been observed (6-8), but the problem of 
their measurement and analysis is not an easy one. 
In the present paper we wish to report some begin- 
nings in this direction and to show that the sounds 
emitted by these remarkable animals can conceivably 
be used for echo-ranging or echolocation in water. 

Subjects. All the subjects were bottle-nose dolphins, 
or porpoises, 7. truncatus. Three of the animals were 
captive specimens; others were in the free or wild 
state. The wild porpoises were all observed from a 
U. S. Navy plane personnel boat, 24 feet in length, 
in the Gulf of Mexico, near the laboratory of the 
Oceanographic Institute of Florida State University. 
Two of the captive animals were young but mature 
females, which were studied at the Lerner Marine 
Laboratory at Bimini, B. W. L., a field station of the 
American Museum of Natural History. They were 
kept together in a wire enclosure in the open bay 
(ca. 30’ x 50’), through which sea water flowed freely. 
The depth of the water at low tide was 7-8 feet, and 
at high tide 10-11 feet. The third captive animal was 
confined alone in an exeavated canal or pool (ca. 
40’ x 60’) at the Daytona Sea Zoo at Daytona Beach, 
Florida. It was probably also a female. 

Apparatus. The sounds were picked up through a 
specially constructed hydrophone, or underwater mi- 
crophone, capable of receiving vibrations up to and 
beyond 200,000 cycles/see (200 ke). The hydrophone 
consisted of thick Rochelle salt blocks potted in clear 
plastic bonded to a brass cylinder containing a two- 
stage preamplifier. The signal from the preamplifier 
was fed into the medium-gain input stage of a high- 
fidelity power amplifier. Many of the sounds, after 
being received in this manner, were then recorded by 
means of an Ampex Model 307 high-speed tape re- 
corder of the type ordinarily used in telemetering. 
The Ampex recorder has a rated recording range to 
100,000 cycles /see (tape speed, 60 in./sec) but will 
go considerably higher than this (although at reduced 
sensitivity). The response of the amplifier-recorder 
system as a whole was down approximately 3 db at 
80,000 cycles /sec, and 5 or 6 db at 100,000 cycles/sec. 

Methods of frequency analysis. Three general meth- 
ods were used to determine the frequencies of the 
sounds emitted. None of these can be considered pre- 
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cise, but they do show the presence or absence of 
vibrations within different frequency bands and they 
also indicate the relative intensities of the waves that 
are present. 


1. In the first’ of these methods the porpoise sounds, 
after being received by the hydrophone and amplified, 
were sent through band-pass or high-pass filters and ob- 
served on the screen of a cathode-ray oscilloscope. One 
such filter was an SKL variable electronic Model 302. The 
SKL filter is adjustable, permitting the passing of any 
desired frequency band from 0 to 200 ke. When the lower 
frequencies were filtered out, the presence of the higher 
frequencies could be seen directly on the oscilloscope screen 
at the same time that the noises were being produced. A 
loudspeaker permitted the simultaneous hearing of the 
audible component of the sounds. Another type of filter, 
employed particularly in studies of the wild porpoises in 
the Gulf, was a high-pass, high-Q filter which cut out all 
frequencies below 100 ke. 

2. The second method was a variation of the first, yet 
it afforded the opportunity for more careful and deliber- 
ate work. In this case ultrasonic tape recordings obtained 
from the captive animals were played back on the Ampex 
recorder in the laboratory. The signals from the recorder 
were then sent through the SKL filter and were observed 
on an oscilloscope as in method one. This procedure per- 
mitted repeated playbacks of the same sounds under fa- 
vorable laboratory conditions, with the consequent oppor- 
tunity of checking and rechecking the results obtained. 

3. The third and most elaborate of the techniques for 
determining the frequencies within the total sound com- 
plex made use of (a) a Panoramic Ultrasonic Analyzer, 
Model SB-7, and (b) the Fairchild Sound Measuring and 
Analyzing System of the U. 8. Navy Mines Countermeas- 
ures Station, at Panama City, Florida. 

a) The Panoramic Ultrasonic Analyzer is a scanning 
heterodyne receiver which automatically measures the fre- 
quency and amplitude of both sonic and ultrasonic signals. 
Using a stabilized sweeping system, ‘‘. . . the instrument 
tunes repetitively 6 times per sec through a 200 ke range 
in any part of a 10 ke to 300 ke band. As signals are 
tuned through, they appear on a cathode-ray tube as sharp 
vertical pips located horizontally in order of frequency. 
The heights of the pips indicate the relative magnitudes 
of their corresponding signals. A continuous over-all 
graphic presentation of the spectrum is obtained on a 
long persistence cathode-ray tube screen.’’* The signals 
from the tape of the Ampex recorder were fed directly 
into this device. A speaker was also in the cireuit, so that 
the audible components of the sounds could be heard 
simultaneously with the occurrence of their pips upon the 
cathode-ray screen. 

b) The Fairchild Sound Measuring and Analyzing Sys- 
tem ued in the treyuency analysis is a special octave 
band-pass analyzing system manufactured by the Fair- 
child Instrument Company. The input signals are broken 
down into the octave bands by individual band-pass am- 
plifiers having a maximum gain of 86 db. The filters are 
flat to + 1.0 db over one half of each octave band. At the 
cutoff points of the octave, the level is down 6 db from 
the center level, and the cutoff rate outside the octave 
band is 45 db/octave. The signals from Ampex tape re- 
cordings, after passing through the octave-band amplifiers 
of the Fairchild system, were read from a Dumont Model 
304 oscilloscope and from a Ballentine a-ec meter Model 
310. 


* Statement from manufacturer. 
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Fic. 1, Schematic diagram of one form of the porpoise 
whistle, showing frequency plotted against time. 


The findings discussed here will deal only with the 
temporal and frequency characteristics of the noises 
made and will ignore any absolute measures of inten- 
sity. The reasons for this limitation are (a) that the 
receiving system as a whole was an uncalibrated sys- 
tem so far as intensities are concerned. (b) Yet, even 
had it been calibrated, there was no way to keep the 
distance between the porpoises and the hydrophone 
constant. Since the intensity of sound varies inversely 
with the square of the distance from the source, a 
receiving system calibrated for intensities would there- 
fore have been of little value in any case. 

The system was carefully checked for its frequency 
responses, however, by sending pure tones from an 
oscillator through an underwater transducer, at 20- 
200,000 cycles/sec. The frequencies sent out by the 
transducer were then picked up by the hydrophone 
and amplifying equipment and were observed on the 
sereen of a cathode-ray oscilloscope. The same fre- 
quencies were also sent directly to the oscilloscope, 
by-passing the underwater gear entirely. A compari- 
son of the wave forms transmitted by these two meth- 
ods showed that no distortions in frequency were in- 
troduced by the underwater system. 

The porpoise whistle. Of the various noises pro- 
duced by the bottle-nose dolphins observed in these 
studies, two were found to occur almost continuously. 
The first of these was a birdlike whistle, approxi- 
mately .5 see in duration. The whistle appeared in 
several “melodies,” or pitch patterns, the most com- 
mon of which resembled the cheep or whistle of a 
eanary. This generally began in the neighborhood: of 
7000 cycles/see and ended at about 15,000 cycles/see. 
The pitch range was therefore slightly over an octave. 
Although harmonies are certainly present, we have 
not been able to bring them out well. The whistle over- 
tones are apparently weak and, so far as we can deter- 
mine, do not extend beyond 20 ke. This is something 
of a paradox, since the whistle is of course very high 
to human ears, and might consequently be expected to 
possess a strong component of ultrasonic vibrations. 
However, since the whistle does occur in several forms, 
there may be varieties of it, not yet examined, that 
contain harmonies beyond 20 ke. It is likely, more- 
over, that the whistles given by different individuals 
will vary considerably. A schematic representation, 
showing one form of the porpoise whistle, with fre- 
quency plotted against time, is given in Fig. 1. 

If the bottle-nose dolphin employs reflected sound 
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to orient itself in space, the whistle could conceivably 
be used for this purpose. Under such circumstances it 
would constitute a kind of frequency-modulated sonar. 
The continuously changing pitch would reflect a con- 
tinuously changing echo, which at any given instant 
would differ from the frequency being produced. With 
such a method it is not necessary that the sounds be 
emitted in short, intermittent bursts as they are in a 
pulse-modulated system. 

Underwater “clicks.” The second and by far the 
more common of the underwater sounds produced by 
the bottle-nose dolphin is a series of rapid “clicks” 
or “clacks,” variously described as the “rusty-hinge” 
sound or the “creaking-door” sound. These sounds are 
also reminiscent of the pecking of a woodpecker, ex- 
cept that their rate of occurrence is usually faster, 
although it can also be slower than that of the wood- 
pecker. One is similarly reminded of the Bronx cheer 
made by blowing air through tightly pressed human 
lips. The rate at which the individual clicks occur may 
vary from as slow as 5/see to 100/see, or higher. In 
the latter instance the total sound takes on the gen- 
eral quality of a groan or a bark. Within a single 
group of clicks lasting several seconds, the number of 
clicks per second can change from fast to slow, or 
vice versa. When these sounds occur at approximately 
15/see or slower, they lose any tonal quality they may 
have possessed, and are then heard as a succession of 
diserete individual units. In such eases each click be- 
comes a sharp, staccato report, like that produced by 
striking a heavy wooden table with a small hammer. 

Sinee the groan or barklike effect of a train of such 
clicks is ordinarily low in pitch, the average listener 
is not likely to suspect them of containing ultrasonic 
frequencies. Yet the methods of analysis previously 
described disclose them to be heavily weighted with 
such frequencies. The dominant frequencies, so far as 
intensity is concerned, are in the sonic range, but other 
vibrations far above the limits of audibility are pres- 
ent. With respect to the wide band of vibrations rep- 
resented, the clicks somewhat resemble “white noise.” 
Analysis of our Ampex recordings has shown a taper- 
ing off of intensities from 20 ke to about 120 ke, with 
the occasional oceurrence of vibrations extending to 
170 ke or higher. 

The tapering effect beyond 100 ke is undoubtedly a 
function of the Ampex recorder, at least in part, since 
this instrument is known to fall off rapidly above 100 
ke and is not even rated by the manufacturer for val- 
ues higher than this level. At the same time, it may 
be due in some degree to the nature of the sounds 
themselves. So far as our observations have been able 
to go, it would appear that the different clicks cach 
possess somewhere near the same complex of frequen- 
cies. Certainly we have been able to detect no sig- 
nificant variations in pitch from one click to the next. 
It must be concluded, therefore, that the click or clack 
emitted by the bottle-nose dolphin contains frequencies 
that extend to 120 ke or above. 

Fig. 2 is a photograph of the cathode-ray screen of 
the ultrasonic analyzer, showing the frequency com- 
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Fic. 2. Photograph of the cathode-ray screen of a panoramic 
ultrasonic analyzer, showing the frequency components oc- 
curring between 80 and 120 ke in a series of porpoise clicks. 
The separate pips represent the coincidence of the sweep of 
the cathode-ray tube with different clicks. The 12 clicks that 
occurred during the photographic exposure (.5 sec in this 
instance) thus contained frequencies extending at least to 
120 ke. 
ponents occurring between 80 and 120 ke in a series 
of porpoise clicks. The 80 ke marker-pulse is the low 
peak on the left overlapping the higher peak on the 
left. Only those frequencies corresponding to the posi- 
tion of the sweep at the moment the sound occurred 
are shown. The separate peaks indicate the presence 
of frequencies within the different clicks, which corre- 
spond to the horizontal scale. In this particular in- 
stance, 12 clicks oceurred during the .5-see photo- 
graphic exposure. The heights of the pips in the pho- 
tograph show the relative intensities for the different 
frequencies. 
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Fic. 3. Photograph of the cathode-ray tube of the panoramic 
analyzer when the tuning range was 10-200 ke. The strong- 
est frequencies, so far as intensity is concerned, will be seen 
to lie below 25 ke, but the short pips at the right indicate 
the presence of frequencies at 140, 155, and 170 ke, respec- 
tively. 


Fig. 3 is another photograph of the frequencies in 
porpoise clicks, when the tuning range of the analyzer 
was 10-200 ke. The 200 ke marker is the small pip on 
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the extreme right. A marker showing 100 ke appears 
as the heavier of the two central pips. It will be noted 
that there is a massing of frequencies below 25 ke in 
this sample. At the same time there are pips on the 
right representing frequencies of 140, 155, and 170 
ke, respectively. Although these are the highest com- 
ponents we have thus far been able to photograph, 
there is no reason to believe that they represent the 
ultimate limit.5 

It is possible to derive an approximate frequency 
spectrum for the ultrasonie frequencies of the clicking 
sounds by noting the amplitudes of the pips on the 
sereen of the ultrasonic analyzer for a large number 
of individual clicks. Such a frequertey spectrum would 
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Fic, 4. Ultrasonic frequency spectrum derived from high- 
speed tape recordings of the typical porpoise click. Essentially 
the same graph was obtained by two independent methods of 
acoustical analysis. 


indicate relative rather than absolute sound intensi- 
ties, since these intensities are not only a function of 
the input signal but are also a function of the record- 
ing system. The spectrum derived in this way for fre- 
quencies higher than 20,000 eyeles/see is given in 
Fig. 4. 

A similar curve has also been obtained by a dif- 
ferent method of analysis. In this ease Ampex record- 
ings of dolphin sounds were run through a Fairchild 
Sound Measuring and Analyzing System, at the U. S. 
Navy Mine Countermeasures Station at Panama City. 
The graph obtained is again essentially that repro- 
duced in Fig. 4. 

Clicks as echo-ranging signals. Since the clicks do 
not vary systematically in frequency composition, 
they would be unsuitable for echo-ranging by a fre- 
quency-modulation method such as that applying to 
the whistle. But, on the other hand, a rapid succes- 
sion of short impulses, of constant frequency pattern, 
would be excellent for echo-ranging, if time were al- 
lowed after each pulse for the reflecting back of its 
own echo. This is in fact the pulse-modulation method 
of echo-ranging. 

So far as timing and duration are concerned, the 
clacks produced by the bottle-nose dolphin satisfy 
fully the requirements necessary for echo-ranging in 
water by the pulse-modulation method. The duration 
of the shortest of these sounds has been found to be 

5 After the completion of this paper, an ONR report by 
Schevill and Lawrence (9) has reached us in which frequency 


components as high as 196 ke are reported in some porpoise 
sounds. 
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about 1 msec (.001 sec). Others are considerably 
longer. At a water temperature of 82.5° F, and a 
salinity approximately that of the water at Bimini, 
for example, sound in sea water travels 5063 ft/sec. 
In .001 see it would therefore travel a distance of 
5.06 feet. This means that the initial vibrations of a 
single click .001 see in length would be reflected back 
to the point of emission at the termination of that 
click, from an object as close as 2.53 feet. The speed 
with which a porpoise could react to this reflected 
signal would, of course, depend upon additional fac- 
tors, such as, for example, its reaction time. But since 
the clicks are emitted in rapid succession, it is un- 
likely that the presence of any object would be sensed 
all at once. The approach to the object would be 
shown by a gradual change in the timing of the echo 
through many hundreds of successive impulses. 

Most of the dolphins to which we have listened, or 
from which we have obtained recordings, have been 
found to be making such noises whenever the hydro- 
phone was placed in the water. The sounds have been 
picked up when the animals were swimming slowly as 
well as when they were swimming fast, and sometimes 
when they were standing on their tails in the water, 
or were otherwise almost motionless. Such continuous 
sound production would be essential if the porpoises 
were regularly using these noises to locate objects in 
their environment. 

Advantages of ultrasonic frequencies. Moreover, the 
wide band of frequencies represented in these noises 
offers special advantages for echo-ranging in water 
because of the factors of (a) masking and (b) reso- 
lution. 

a) Under ordinary circumstances a porpoise may 
react to the sonic frequencies he produces, but in many 
instances these frequencies would be masked or ob- 
secured by the background water noise, which is mostly 
at lower frequency levels. Such noises as the sound 
of waves, the rushing of water past the animal’s own 
body in fast swimming (like wind blowing by human 
ears), the sounds of ships’ propellers, and the noises 
made by other organisms of the sea, are all, so far 
as is known, below 10,000 cyeles/sec. When the basic 
porpoise frequencies are obscured or interfered with 
by such disturbances, the high-frequency components 
of the click would still filter through. It is possible in 
some cases that the ultrasonic frequencies alone would 
be all that could be heard. 

b) High frequencies would also be better for echo- 
location because they are shorter in wavelength and 
consequently have a greater resolving power or diree- 
tionality. They would indicate the presence, the size, 
and the shape of an object, by echoes, better than 
longer waves. A tone of 5000 eyeles/see, for example, 
if transmitted at a sound speed of 5000 ft/sec, pro- 
duces a wave 1.0 feet in length. But if the frequency 
is inereased to 50,000 cycles/see, the sound speed re- 
maining the same, the wavelength becomes 0.1 feet. 
The higher the vibration rate, the shorter the wave- 
length, and consequently the more precise the resolu- 
tion as determined from the reflected echo. 
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Listening to the echoes from clicks. Echoes from 
sounds made under water will bounce off from the 
surface of the water and from the bottom, as well as 
from objects located in a horizontal plane. That echoes 
of this sort are actually produced by porpoise clicks 
can be clearly demonstrated in two ways: (1) They 
can be seen on the sereen of a cathode-ray oscillo- 
scope. (2) They can be heard by the human ear 
under the proper acoustical and temporal conditions. 
The actual hearing of the echoes is accomplished by 
reducing the playback speed of the recording tape. 
The original tape speed of the Ampex ultrasonic re- 
corder is 60 in./see. Tests have been made with play- 
back speeds of 1/8, 1/16, 1/32, and 1/64 of the re- 
cording rate. This has the effect of lowering the 
intensity as well as the number of cycles per second 
of the sounds played. For example, a bona fide fre- 
quency of 100,000 cyeles/see, reproduced at 1/64 of 
its original speed, becomes 1562.5 eycles/sec. The 
duration of the sound is correspondingly lengthened 
by a factor of 64. 

Under such circumstances, the echo becomes clearly 
audible. It can be heard by most people at 1/16 of 
the recording speed, is very clear at 1/32, and is 
often a booming reverberation at 1/64 of the original 


rate. An inherent difficulty in measuring the duration 
of any single click is brought to light by this slow 
playback method, since a click cannot often be clearly 
separated from its own echo. One would have to be 
certain, in obtaining precise time measurements of 
this sort, that there was no echo at all—a difficult if 
not impossible prerequisite. 

Although the facts recorded here do not establish 
conclusively that the bottle-nose dolphin actually uses 
echo-ranging, they offer good circumstantial evidence 
to that effect. T. truncatus certainly possesses what 
may be described as a “sonar system.” The final proof 
that he employs it for echolocation must eome by 
testing captive animals for the avoidance of objects 
in water after vision has been eliminated. 
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News and Notes 


Scientists in the News 


James Bliss Austin, director of research and chief 
of U. S. Steel Company’s Research Laboratory, 
Kearny, N. J., has been appointed chairman of the 
Committee on Chemical Warfare, U. 8. Department 
of Defense, to sueceed Randolph T. Major, vice presi- 
dent and scientific director of Merck & Co. 


A. Ludlow Clayden has been appointed technical 
associate in Sun Oil Company’s Chemical Research 
and Development Department. John G. Moxey, Jr., 
succeeds him as manager of the Automotive Labo- 
ratory. 


A. W. B. Cunningham, of the University of Edin- 
burgh, has been appointed professor of pathology at 
the University of Texas Medical Branch, Galveston, 
where he will both teach and conduct research on 
arthritis and diseases of the joints. 


Herbert N. Eaton retired on Jan. 31 as chief of 
the Hydraulics Section of the National Bureau of 
Standards, a position he has held since 1928. He had 
been with the bureau since 1919. 


Gustav Egloff, petroleum scientist and director of 
research for Universal Oil Products Company, has 
been selected by five national engineering societies to 
receive the Washington Award for 1953, for leader- 
ship in petroleum research and in community services. 
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Nicholas Ercoli has been appointed head of the 
Department of Pharmacology and Chemotherapeuties, 
Research Division, Armour Laboratories, Chicago. Dr. 
Ereoli was formerly scientifie director of the Istituto 
Sieroterapico Milanese Serafino Belfanti, University 
of Milan. 


K. P. Ewing, entomologist of the U. 8. Department 
of Agriculture, has been named head of the depart- 
ment’s Division of Insects Affecting Cotton and other 
Fiber Plants. Mr. Ewing will sueceed R. W. Harned, 
who will continue with the Bureau of Entomology 
and Plant Quarantine as staff assistant and con- 
sultant. 


Herbert S. Gaskill, of the Indiana Medical School, 
Indianapolis, has been appointed professor and head 
of the Department of Psychiatry, University of Colo- 
rado, to succeed Franklin G. Ebaugh, who retired 
Jan. 1. 


Blaine L. Glendening has been appointed principal 
chemist for the Kansas Public Health Laboratories, 
Topeka. He was formerly assistant chemist with the 
Kansas Agricultural Experiment Station. 


Glenn C. Holm, member of the North Dakota Agri- 
cultural College Veterinary Department since 1949, 
has been named dean of agriculture and director of 
the Agricultural Experiment Station. Dr. Holm will 
sueceed H. L. Walster, who will retire this spring. 
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S. D. Kirkpatrick, vice president of the MeGraw- 
Hill Book Company, has been elected chairman of 
the AEC’s Advisory Committee on Industrial In- 
formation. Mr. Kirkpatrick has served in the same 
eapacity since 1949, having been appointed originally 
by the AEC general manager. 


L. J. Klotz, chairman, Department of Plant Pathol- 
ogy, University of California Citrus Experiment Sta- 
tion, Riverside, will conduct studies in Sicily on the 
mal secco disease of lemons, a disease which does 
not occur in the lemon-producing areas of the U. S. 


Jonathan D. Lankford has been appointed chief of 
the Region V Fuels Technology Division, Bureau of 
Mines, with headquarters at Minneapolis. Mr. Lank- 
ford succeeds Alex C. Burr, who will return to the 
directorship of the North Dakota Research Founda- 
tion, Bismarck, but will continue as consultant to 
the bureau. 


Ivan N. Mensh was appointed associate professor 
and head of medical psychology in the Department 
of Neuropsychiatry, Washington University School 
of Medicine, St. Louis, effective Feb. 1. 


Clark B. Millikan, Hans W. Liepmann, Frank E. 
Marble, and Ernest E. Sechler, of the California In- 
stitute of Technology faculty, have been reappointed 
to the National Advisory Committee for Aeronautics. 
A. J. Stosick, division chief of the Jet Propulsion 
Laboratory, owned by U. 8. Army Ordnance and 
operated by Caltech, was appointed to the special 
subcommittee on rocket engines. 


Norman Bartram Nelson, who has been dean of the 
School of Medicine, American University of Beirut, 
since 1951, has been named dean of the State Uni- 
versity of Iowa College of Medicine, effective in July. 
Dr. Nelson served in Beirut while on leave from his 
post as assistant dean of the College of Medicine, 
University of California at Los Angeles. 


William A. Sawyer, medical director of the East- 
man Kodak Company since 1919, has been appointed 
head of the new Medical and Health Department, 
International Association of Machinists. The depart- 
ment will aid district and local lodges of the union 
with programs to provide prepaid health insurance 
for members. 


Walter A. Schmidt, president and general manager 
of the Western Precipitation Company, Los Angeles, 
has been named honorary chairman of the American 
Chemical Society’s 123rd national meeting, to be 
held in Los Angeles, Mar. 15-19. 


Glenn T. Seaborg, director of chemical research at 
the Radiation Laboratory, University of California, 
and 1951 Nobel laureate, was selected to receive the 
John Scott Medal Award of the Board of City Trusts 
of Philadelphia. Dr. Seaborg was honored for his 
discovery of five of the transuranium elements— 
plutonium, americium, curium, berkelium, and cali- 
fornium. 
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Education 


Boston College is offering a special intensive course 
in Modern Industrial Spectrography, July 20-31, de- 
signed particularly for chemists and physicists from 
industries in the process of installing spectrographic 
equipment. Full information may be obtained from 
James J. Devlin, of the Physies Department, Chest- 
nut Hill 67, Boston. 


The University of Chicago will offer the facilities 
of the Institute for Nuclear Studies and the Institute 
for the Study of Metals to Ph.D. candidates during 
the summer session, June 22—Aug. 29. Students in 
chemistry, physics, or related fields may, by special 
permission, carry on basic research in the institutes. 


Duke University Marine Laboratory will offer a 
course in Oceanography June 15-July 18, under the 
direction of Donald W. Pritchard, director of the 
Chesapeake Bay Institute of Johns Hopkins Univer- 
sity. Further information may be obtained from the 
director of the Duke Summer School. 


Finch College, a junior college until last June, has 
added to its curriculum four-year courses leading to 
the B.S. and B.A. degrees. Numerous courses have been 
added in both biological and physical sciences. Recent 
appointments include Hugh E. Potts II as head of the 
Department of Biological Sciences and Roger H. 
Charlier as head of the Department of Physical Sci- 
ences and Mathematics. Marie H. Charlier will give 
new courses in physical and cultural geography and 
geology in 1953-54. 


Grants and Fellowships 


The American Academy of Arts and Sciences will 
receive applications for grants-in-aid of chemical re- 
search from its Cyrus M. Warren Fund until Apr. 
27. Grants in excess of $300 are seldom made and 
are generally for apparatus and supplies needed for 
research; no funds are awarded for salaries. Applica- 
tion blanks will be sent upon request to the chair- 
man of the grants committee, Edwin R. Gilliland, 
MIT, Cambridge 39, Mass. 


The Hamilton Memorial Foundation has awarded a 
grant to the Evanston Hospital Laboratory, main- 
tained under Northwestern University auspices. Stud- 


ies on arteriosclerosis are under the direction of 
Arnold Wagner. 


The Louis W. and Maud Hill Family Foundation, 
of St. Paul, Minn., has given $5700 to Carleton Col- 
lege for research in cell biology under the direction 
of Thurlo B. Thomas, chairman of the Department 
of Zoology. 


The Lasdon Foundation has awarded $15,000 to 
Harvard Medical School and Peter Bent Brigham 
Hospital for support of research for the further 
study of the transplantation of vital organs,. particu- 
larly kidneys, in human beings. George W. Thorn and 
Benjamin F. Miller are in charge of the work. 
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Eli Lilly and Company have approved three grants 
to Purdue University: to Henry Koffler for work on 
the intermediary metabolism of fungi; to C. L. Porter 
for investigation of antibiotics produced by certain 
microorganisms; and to M. G. Mellon for a study on 
colorimetric applications of heteropoly complexes. 


The National Paraplegia Foundation is continuing, 
for the academic year 1953-54, a limited number of 
fellowships, at a minimum stipend of $3000 per year, 
for research in spinal cord disease and trauma. Appli- 
cation forms (returnable by May 1) and full infor- 
mation may be obtained from L. W. Freeman, chair- 
man, Medical Advisory Committee, 1040 W. Michigan 
St., Indianapolis 7, Ind. 


The National Society for Crippled Children and 
Adults and Alpha Gamma Delta are sponsoring 20 
special fellowships for a four-week training program 
at the School of Education, New York University- 
Bellevue Medical Center. Applications (returnable be- 
fore Mar. 15) and further information may be se- 
cured from the society, 11 S. La Salle St., Chieago 3. 


Radio Corporation of America has awarded scholar- 
ships to 18 university students from 14 different 
states. Marijane Curran, of Stamford, Vt., a student 
at Wellesley College majoring in science, became the 
first woman to receive an RCA Scholarship. 


Alfred P. Sloan National Scholarships, a new series 
of four-year undergraduate scholarships in technol- 
ogy and allied fields will be administered by California 
Institute of Technology, Carnegie Institute of Tech- 
nology, Cornell University College of Engineering, 
and Massachusetts Institute of Technology. For the 
year 1953-54 only, all students who have applied 
for scholarship assistance at any of the participating 
institutions will be automatically considered for 
awards. Honorariums will range from $200 to $2000 
per year, with an average allotment of $650 per year 
to each institution for each Sloan scholar. 


In the Laboratories 


Airborne Instruments Laboratory, Inc., has ap- 
pointed Matthew T. Lebenbaum supervisor of its new 
Applied Electronics Section, and Peter D. Strum 
assistant supervising engineer. 


Armour Research Foundation of Illinois Institute 
of Technology will reorganize and expand the State 
Industrial Research Institute of Burma, situated on 
the campus of Rangoon University. Christopher E. 
Barthel, Jy., assistant director of the foundation, will 
be resident director for the three-year program. He 
will leave for Burma in April. 


General Motors Institute will add 83,000 square feet 
to its present facilities in Flint, Mich., adding approxi- 
mately 40 per cent to classroom, laboratory, and gen- 
eral service areas. The institute will also remodel its 
present building, to allow greater emphasis in the eur- 
ricula on the experimental approach to technological 
problems. 
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Arthur D. Little, Inc., will start construction Apr. 1 
of a new Research Laboratory adjacent to its recently 
completed Mechanical Division building on the Con- 
cord Turnpike in West Cambridge, Mass. 


Wisconsin’s new million-dollar State Laboratory of 
Hygiene building, recently completed on the Uni- 
versity of Wisconsin campus, was dedicated Feb. 28. 
Leonard A. Scheele, of the U. S. Publie Health Serv- 
ice, delivered the chief address. 


Meetings and Elections 


A conference on New Instruments Study Health 
and Disease will be held by the Instrument Society of 
America, Mar. 16, 7:00 Pp. m., at the Midston House, 
New York. Kurt G. Stern, Harry Grundfest, and Ray- 
mond Jonnard will be the principal speakers; Joseph 


Greenspan is conference chairman. 


A Conference on Trends in Residential Air Condi- 
tioning will be held Apr. 24-25 at Lehigh University. 
The Department of Mechanical Engineering is spon- 
soring the meeting in cooperation with the American 
Society of Heating and Ventilating Engineers, Ameri- 
ean Society of Refrigerating Engineers, American So- 
ciety of Mechanical Engineers, Air Conditioning and 
Refrigeration Machinery Association, National As- 
sociation of Home Builders, Building Research Board, 
National Mineral Wool Association, and the National 
Warm Air Heating and Air Conditioning Association. 
James V. D. Eppes is chairman of the conference 
committee. 


An Institute on Medical History, organized by the 
New York Academy of Medicine, will be held at 
Arden House, Harriman, N. Y., Mar. 13-14. The first 
day will be devoted to addresses by Alexander T. 
Martin, Alan Gregg, Paul Schrecker, Owsei Temkin, 
George Rosen, Erwin Ackerknecht, Gilbert Highet, 
John F. Fulton, Iago Galdston, Frank J. McGowan, 
and Gregory Zilboorg. The second day’s program will 
be one of group discussions among the approximately 
60 U. S. and Canadian participants. 


The International Association for Hydraulic Re- 
search will hold a joint meeting with the Hydraulics 
Division of the American Society of Civil Engineers at 
the University of Minnesota, Aug. 30. Subjects to be 
discussed include density currents; air entrainment 
by flowing water; waves, beach erosion, and hydro- 
mechanics of shore structures; and basic relationships 
of sediment transportation of flowing water. 


An International Conference on the Science and 
Applications of Photography will be held in London, 
Sept. 19-25, in celebration of the centenary of the 
Royal Photographie Society of Great Britain. The 
conference will be divided into sections dealing with 
photographie science (including theory of latent image 
and development, sensitization, sensitometry, resolving 
power, granularity, and properties of photographic 
materials) ; cinematography and color photography; 
technique and applications of photography; photo- 
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mechanical processes; and history, literature, and 
training in photography. Full details may be obtained 
from the Hon. Secretary, RPS Centenary Confer- 
ence, 16 Princes Gate, London, 8. W. 7. 


Miscellaneous 


Six members of the American Chemical Society 
have been selected for prizes and awards in recog- 
nition of outstanding achievement: Leo Brewer, Uni- 
versity of California and consultant to the AEC, the 
Leo Hendrik Baekeland Award of the North Jersey 
Section; Robert Jenness, University of Minnesota, 
the Borden Award in the Chemistry 6f Milk; Donald 
D. Van Slyke, Brookhaven National Laboratory, the 
Fisher Award in Analytical Chemistry; Joel H. 
Hildebrand, University of California, the Willard 
Gibbs Medal of the ACS Chicago Section; Robert B. 
Anderson, U. 8. Bureau of Mines, Bruceton, Pa., the 
Ipatieff Prize; and Robert W. Schiessler, Penn- 
sylvania State College, the Precision Scientific Com- 
pany Award in Petroleum Chemistry. 


The American League Against Epilepsy has extended 
the time limit for submission of dissertations on any 
aspect of epilepsy for the Jerry Price Memorial 
Prizes from Apr. 1 to July 1. Inquiries from students 
of approved U. S. and Canadian medical schools may 
be addressed to William G. Lennox, 300 Longwood 
Ave., Boston 15; Francis L. McNaughton, 3801 Uni- 
versity St., Montreal 2; or John L. Otto, 816 Strand, 
Galveston. 


The fourth Archbold Expedition to New Guinea 
will spend nine months in the Papua area, making the 
first comprehensive survey of the flora and fauna of 
the region. The expedition will be led by Leonard J. 
Brass, of the Archbold Biological Station in Lake 
Placid, Fla. He will be accompanied by Geoffrey M. 
Tate, in charge of the expeditions’ New York head- 
quarters, which are located at the American Museum 
of Natural History, and Hobart M. Van Deusen, of 
the museum’s Department of Mammals. The 1953 ex- 
pedition is sponsored by the museum, Richard Arch- 
bold, Arnold Arboretum, and the Office of Naval Re- 
search, 


The Association of American University Presses will 
distribute descriptive catalogues to more than 175,000 
scholars on books newly published by the presses in 
the humanities, and the social, biological, medical, and 
physical sciences, The catalogues are expected to be 
mailed periodically, beginning in March. 


A Survey of Housing Research, made by the Build- 
ing Research Advisory Board, National Academy of 
Sciences, comprising a summary of recent and cur- 
rent housing research and facilities for conducting 
such research throughout the U. S., has been issued 
by the Housing and Home Finance Agency. The 
survey is available through the GPO at $3.00 a copy. 
Technical and social science aspects of housing prob- 
lems are included. 
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Three awards were made by the James F. Lincoln 
Arc Welding Foundation, Cleveland, Ohio, in its 1952 
bridge design competition, Welded Bridges for Steel 
Conservation. The first award went to Elwyn H. King, 
of Long Beach, Calif., the second to Kiser E. Dum- 
bauld, of the Ohio State Highway Department, and 
the third was shared by Thomas Kavanagh, of New 
York University, and Leo Coff, of New York City. 


The National Science Foundation has reported that 
grants and contracts for scientific research and de- 
velopment at nonprofit institutions made by federal 
agencies totaled $297 million in the fiseal year 1951 
and $341 million in 1952, according to a preliminary 
analysis of information compiled with the coopera- 
tion of all agencies engaged in research and develop- 
ment activities. The information was obtained by 
broad scientifie fields, and by character of work sup- 
ported, including basie and applied research, develop- 
ment, and increase of research and development plant. 
The figures indicate that in 1952 there was an in- 
crease of 20 per cent over 1951 in funds expended for 
applied research and development, and a slight de- 
crease for basic research. 


The Oberly Memorial Award for 1953 will be given 
for the best bibliography by an American citizen, in 
agriculture or related sciences, issued during 1951 or 
1952. Seven copies of each entry, together with a 
letter of transmittal, should be addressed to the chair- 
man of the committee, D. A. Brown, Agriculture 
Library, Mumford Hall, University of Illinois, Ur- 
bana, before Apr. 15. 


Chemicals wanted by the Registry of Rare Chemi- 
cals, 35 W. 33rd St., Chicago 16, IIll., include: stannic 
selenide; silver thioarsenite; phenyl tellurium tri- 
chloride; selenium disulfide; lead ricincleate; 2-thiol- 
histidine; 2,3,4-trimethyl quinoline; 1,3-diaminocyelo- 
hexane; 3,3’-dimethyl naphthidine; 4-aminopyridine; 
retene; 18-hydroxystearic acid; ellagie acid; lignoceryl 
aleohol; 1,2,3,4-tetracarboxybutane; D-eysteine; thy- 
midine; galactoflavin; notatin; and mucin. 


The Society of American Foresters has awarded the 
Gifford Pinchot Medal to Raphael Zon, of St. Paul; 
the Sir William Schlich Memorial Medal was given 
posthumously to Ellwood Wilson, of Knowlton, Que. 
Henri Kieffer, chief of the Forest Protection Service 
of the Quebec Department of Lands and Forests, re- 
ceived a plaque from the Canadian Forestry Associa- 
tion for forest conservation. 


Four scientists were among the men selected by the 
U. S. Junior Chamber of Commerce as America’s Ten 
Outstanding Young Men of 1952. They were: William 
H. Muller, Jr., of UCLA, for cardiae surgery; Ross 
Melvin Hedrick, of Monsanto Chemical Company, for 
work in developing the soil conditioner Krilium; 
Frank N. Piasecki, of Lansdowne, Pa., for pioneering 
in the helicopter industry; and Heinz Joseph Gerber, 
of Gerber Scientific Company, for the invention of 
the Gerber Variable Scale. 
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Technical Papers 


A Computational Procedure for the Isotope 
Method of Brain Tumor Localization’ 


Alexander Langer and Robert Loevinger 


The Neurosurgical Service and Physics Laboratory, 
The Mount Sinai Hospital, New York 


G. E. Moore’s original technique (1) for brain 
tumor localization by means of radioactive isotopes 
depends for accuracy very largely on the skill and 
experience of the individual investigator. To reduce 
this element of subjectivity to a minimum, we have 
developed what we believe to be a more objective 
analytical method which is giving us promising re- 
sults. Thus far, we have examined 80 cases by this 
method ; we feel, however, that the number is too small 
to allow statistical interpretation. 

Better instruments are now being developed, but 
the work reported here was done with the following 
instrumentation: two bismuth-wall Geiger tubes—at 
first a long tube, 1 in. in diameter (RCL Mark 1, 
Model 12), and lately a shorter tube 1% in. in diame- 
ter (RCL Mark 1, Model 13). The tubes were mounted 
in lead collimators 14 mm thick, and fixed in the eylin- 
drical holes so that the resulting angle of collimation 
is about 30° (this is the angle between the axis and a 
direction of 50% sensitivity for a small source). The 
collimated tube is supported by a flexible dental x-ray 
arm. A standard decimal counting unit with automatic 
reset and preset time is used. The patient, when capa- 
ble of sitting, is placed in a barber’s chair provided 
with head and chin rests. Tagged material? (DIF or 
THSA) is administered to the patient by intravenous 
injection. 

The rate of elimination of radioactive substances 
from the brain is different for each part of the brain, 
and the empirically obtained correction factors used 
till now are inaccurate. The present method disregards 
the individual elimination differences from point to 
point and considers only artificial averages which we 
derive by taking two readings for each point, equally 
removed in time from the beginning and end of the 
total examination time. In practice, we use the 32 
standard points developed by the original investiga- 
tors (7—3). We take our first measurement over the 
glabella and then over the remaining 31 points of the 
skull until we reach the occipital midline point (I, 
PF-6, PF-4, PF-3, PF-5, F-7 F-5..... V, 0-3, 0-5, 
VI), these points deseribing a spiral; from here we 
repeat all measurements in retrograde sequence. In 


1 This work was started while the senior author was on an 
Isadore Abrahamson Neurological Fellowship, and is being 
continued under a research grant and fellowship from the 
Damon Runyon Memorial Fund for Cancer Research; Inc. 

*The di-iodo™-fluorescein (DIF) and iodinated human 
serum albumin (IHSA) were furnished by the Abbott Lab- 
oratories, North Chicago, Ill, under an allocation from the 
U. S. Atomic Energy Commission. 
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Fic. 1. Spread-out map of skull- surface. The 32 measure- 
ment points are shown with their standard designations used 
in isotope localization techniques, and their percentage activ- 
ity (D*) for the average normal skull. 


this way we have 2 counts for each point, each taken 

more or less equally spaced before and after the mid- 

dle of the whole measuring period. Finally, we sum 

the 2 counts for each point, this figure becoming our 
value for the following computations. 

By averaging data on 13 patients without organic 
brain lesion, we obtained an average pattern for the 
normal head. In order to obtain comparability to the 
normal skull pattern, we convert the absolute values 
of our counts to percentage values. We take the arith- 
metic average of our 32 values, and then express each 
individual value in percentage of this average. With 
each patient to be examined, we compare the indi- 
vidual results to the normal pattern and determine the 
following values: 

Cy, and C, = pair of counting rates at 2 symmetrical points 
on the skull. H and L as subscripts stand, respectively, 
for the higher and lower counts. (Counts per unit time 
using any convenient unit of time.) 

A=100 (C,-—C,)/C,=observed asymmetry in counting 
rates, expressed as percentage of C,. 

C=average counting rate over the skull= average of all 
the Cs. 

D=100 (C/C) =percentage activity at each point. 

E=D-—D* = excess activity expressed in percentage (ex- 
cess % activity). * Normal skull pattern. 

F=E,-—E,=asymmetry in excess percentage activity 
(corrected asymmetry). 

We have constructed a new map of the head which 
gives in a plane an approximate visualization of the 
three-dimensional relationship of the whole head (Fig. 
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1). Such maps are used to record the observations and 
steps of computation. Each 15% inerease of activity 
is arbitrarily taken as one unit and is represented as 
a line beginning at the point of measurement and 
drawn at the same angle as that of the collimated tube 
positioned at this point. (Increase of over 15% is eon- 
sidered as symptomatic of tumor.) 

In the ease of an increased radiation zone (charac- 
teristic of tumor), these lines, which are an index of 
the magnitude and the location of increased activity, 
intersect over the critical area. Taking into considera- 
tion the angle of collimation (30°), we can then fairly 
well delineate the location, shape, and size of the area 
of increased activity. 

We have the impression, based on a few observa- 
tions, that by taking into account not only the in- 
creased but also the deercased uptake values, other 
pathological brain processes could eventually be de- 
tected and evaluated by the method deseribed (e.g., 
necrotic, ischemic areas, nontumoral lesions, ete.— 
processes where, probably because of circulatory or 
other deficiencies, the distribution of the tagged ma- 
terial is impeded, thus demonstrating in the involved 
area measurably less than normal radiation). 
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The Solubilization of 4-Dimethylaminoazo- 
benzene (Butter Yellow) in Serum 


Charles Wunderly 
Medical University Clinic, Zurich, Switzerland 


Many of the carcinogenic agents, including the azo 
dye 4-dimethylaminoazobenzene, are fat-soluble. As a 
vehicle for such substances emulsions of corn oil are 
used with polyglycerolester as emulsifier and stabil- 
izer. In other experiments (1) rats were fed with a 
diet containing .058-.064% of 4-dimethylaminoazo- 
benzene. It is a well-known fact that the mode of 
administration of the carcinogenic agent can have a 
decisive influence on the result; we were therefore 
looking for a technique to allow solubilization of such 
agents in homologous serum without any denaturation 
of the serum proteins. 

To this end thick filter paper (Munktell No. 20/150, 
Grycksbo, Sweden) is thoroughly soaked in a solution 
of 12.5 mg% 4 dimethylaminoazobenzene in a 1:1 
mixture of ethanol and ether. After drying the paper 
contains about 4 y of the azo compound per em?*. It 
is cut in strips of 407 em, and .08 ml of normal 
human serum is placed on the middle of each strip. 
We arrange the apparatus for paper electrophoresis 
in a deep-cooling tank, keeping a constant tempera- 
ture of 2° C and giving the effect of a closed atmos- 
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Butter Yellow 

by Serumproteins. 


Fic. 1. Above: Serum protein fractions colored with bro- 
mophenol blue. Below: Same paper strip without coloring, 
showing the accumulation of butter yellow in the regions of 
albumin and 8-globulin; blank space corresponds to site of 
y-globulins. 


phere. Within 9 hr, 5-6 mg of serum protein can be 
separated, when 5 v/em and 5-6 mamp are applied. 
The paper is wet with veronal/veronal sodium buffer 
of .06 ionie strength and pH 8.9. Of the two paper 
strips used simultaneously, one is afterwards stained 
with bromphenol blue; this strip serves as a guide for 
cutting off the fractions from the still wet unstained 
strip. The protein/azocompound is eluted from the 
cuttings with saline (.85%), the volume of each of 
the solutions being brought to about 3 ml. Then the 
optical density of the perfectly clear solutions is read 
in the Beckman spectrophotometer at 420 mu and 
thereupon the content of the azo compound is caleu- 
lated. The eluate from a protein-free paper cutting 
serves as a blank. 

The black columns in Fig. 1 show graphically the 
y of azo compound bound to each serum protein frac- 
tion. The total of azo compound transported by this 


TABLE 1 


Albu- 


ulin 


Serum fractions in rel % 63.2 4.0 7.1 96 16.1 
Bound azo compound in y 9.01 1.50 0.46 2.20 0.32 
Bound azo compound in % 

of the total of trans- 

ported azo compound 66 11 3 16 4 
y Azo compound/mg 

protein 6.7 
Elution of Sudan red by 
isolated fractions of 
normal human serum 
protein? y/mg protein 9.5 


42 3.0 110 0.9 


10.1 113 5.4 
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.08 ml of normal human serum amounts to 13.5 y, 
so that a serum solution of .25 mg% results. Studies 
of carcinogenesis in rats are under way. 

The last two lines in Table 1 allow a comparison 
of the amount of fat-soluble azo compound bound to 
the serum proteins by electrophoretic elution and the 
amount of lipophil Sudan red eluted from animal skin 
membranes (2). In both techniques the greatest solu- 
bilization takes place in the B-globulins, with albumin 
second. It has recently been shown that the B-globulins 
associate with cholesterol (3) and also with phos- 
phatides (4). 
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Differential Migration of Rubber 
by Reversed-Phase Partition 
Chromatography’ 


Thomas F. Banigan, Jr. 


U. S. Natural Rubber Research Station, 
Bureau of Agricultural and Industrial Chemistry, 
ARA, USDA, Salinas, California 


Differential migration of rubber has been accom- 
plished by using silicone-treated paper as the station- 
ary phase and certain viscous oxygenated solvents for 
the more polar, mobile phase. This is a reversal of 
the conventional procedure of paper partition echro- 
matography in which the paper holds the polar sol- 
vent, ordinarily water, as a stationary phase. The 
reversed-phase technique has already been applied to 
other compounds of limited water solubility such as 
steroids (1), where the partition coefficents are greatly 
in favor of the mobile, nonpolar phase. 

Levi and Cajelli (2) have shown that ethanolic ben- 
zene solutions of Hevea rubber, prepared from fresh 
latex, can be fractionated by passage through animal 
charcoal to give a series of eluates of progressively 
decreasing relative viscosities. 

The present report discloses a procedure whereby 
natural and synthetie rubbers, and possibly other high 
polymers, can be chromatographed on treated filter 
paper to give patterns characteristic of their migra- 
tion tendencies. These patterns are reproducible and, 
in some instances, can be related to various inherent 
physical properties of the polymer—e.g., molecular 
weight distribution, viscosity and polymer breakdown 
(Fig. 1). 

Ordinary filter paper (Whatman No. 1) is eut into 
sheets 5 in. square and drawn through a 5% (by vol) 

1The advice and interest of W. de Rafols, Instituto Na 


cional de Investigationes Agronomicas, Madrid, Spain, and 
L. B. Rockland of this bureau are gratefully acknowledged. 
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Fic. 1. The effect of physical breakdown by milling on the 
differential migration of rubber (deresinated guayule) on 
silicone-treated paper with cyclohexanone for solvent ; num- 
bers refer to minutes of milling. 


solution of methyltrichlorosilane in benzene. The 
sheets are pressed to remove excess solution and are 
dried in an explosionproof circulating air oven at 
65° C for 2 hr. This treatment produces a water- 
repellent paper which must be handled with care on 
account of its extreme brittleness. 

Most of the experiments were carried out according 
to the microtechnique of Rockland and his co-work- 
ers (3, 4). The rubber is applied as microdrops of 1% 
solution in benzene to give a line of spots 0.5 in. from 
one edge of the paper sheets. Microwire loops (0.7 
mm ID) provide a convenient means for applying one 
or more drops at each spot. Ascending chromatograms 
are obtained by suspending the paper sheets in cov- 
ered museum jars containing sufficient solvent to wet 
the lower edge of the sheets. 

The most satisfactory moving solvents have been 
cyclohexanone and mixtures of butyl diethyleneglyecol 
acetate with cyclohexanone or xylene. The rate of 
solvent ascent with cyclohexanone is about 3 in./hr. 
When the moving solvent has traveled the desired dis- 
tance (4 in.), the sheet is removed and dried in the 
circulating air oven at 65° C for 1 hr. 

The spots or streaks of partitioned rubber are ren- 
dered visible by immersion of the paper for 15 min at 
room temperature in a .25% solution of oil blue NA 
(Caleo) in 50% (by vol) aqueous ethanol.? A brief 
rinse in 50% aqueous ethanol destains the paper but 
leaves the rubber, and any other lipophilic substances, 
stained a bright blue or purple on a white back- 
ground. 

The use of oil blue NA as a stain for rubber in plant 
tissues has been recommended by Whittenberger (5) 
and Addicott (6). The intensity and permanency of 

2The oil blue NA should be first dissolved in a minim: m 


of butanol before addition of the aqueous ethanol and then 
the resulting solution filtered. 
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Fic. 2. Chromatograms of several types of elastomers on 
silicone-treated paper with cyclohexanone for solvent; guay- 
ule, Hevea, guayule (cont. 1% trichloracetic acid), Hevea 
(cont. 1% trichloracetic acid), GR-S. 


eolor conferred to the rubber with this stain remain 
unsurpassed, to date, by any of the other means found 
for detecting the partitioned rubber. These other 
means inelude the use of Sudan III and Sudan IV 
(7), fluorescein-bromine spray (8), modified by the 
use of isopropanol as a wetting agent, and a spray or 
dip with .5% neutral aqueous potassium permangan- 
ate solution. Although all these reagents are of some 
value for the detection of rubber on untreated paper,® 
only oil blue NA has given consistently good results 
with silicone-treated papers. The hydrophobic char- 
acter of these treated papers probably accounts for 
their decided “inertness” and lack of response to many 
of the familiar chromogenic sprays. 

By means of the technique outlined above, differ- 
ential migration patterns have been obtained for sev- 
eral natural and synthetic rubbers. In Fig. 2, where 
cyclohexanone was used for the mobile phase, com- 
parisons are shown between Hevea (No. 1 smoked 
sheet), guayule (Salinas), and GR-S (standard). A 
definite resemblance may be seen in the migration be- 
havior of Hevea and guayule. The somewhat greater 
mobility of guayule probably attests to a lower mean 
molecular weight, and a much smaller proportion of 
the poorly soluble gel fraction. The well-known effect 
of trichloracetie acid in dispersing the gel and other- 
wise decreasing solution viscosity is clearly demon- 
strated in this same chromatogram. The relatively 
lower mean molecular weight of GR-S is also reflected 
in its faster migration. 

A chromatographic demonstration of the physical 
breakdown which results from the milling of erude 
rubber is shown in Fig. 1. A sample of high-quality 

® With untreated paper, much of the rubber either moves 
with the solvent front or remains at the origin. Migration in 


this instance is probably governed more by rate of dissolution 
than by partition. 
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acetone-deresinated guayule rubber (9) was system- 
atically broken down by milling on closely set rolls. 
Samples were taken at the time intervals indicated, 
while the viscosity of the rubber was being reduced 
from an initial Mooney value of 95 to a final value 
of about 15. Taylor and Veith (10) have shown that 
for rubber broken down in a Brabender plastograph 
the Mooney viscosity is a semilogarithmic function of 
the masticating time. The differential migration pat- 
terns of Fig. 1 suggest that a similar relationship 
exists between polymer mobility and milling time. 

The results presented here are intended mainly to 
demonstrate several ways in which partition chroma- 
tography can be a useful tool for the study of elas- 
tomers. The work is being continued and will be re- 
ported in greater detail at a later date. 
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Splash-Cup Dispersal Mechanism in 
Chrysosplenium and Mitella* 


D. B. O. Savile 


Division of Botany and Plant Pathology, 
Science Service, Department of Agriculture, 
Ottawa, Ontario, Canada 


Upon reading the stimulating account by Brodie 
(1) of the splash-cup dispersal mechanism in the 
Nidulariaceae and other groups of plants, the writer 
recalled looking down upon fruiting plants of the 
aretie golden saxifrage, Chrysosplenium tetrandrum 
(Lund) Th. Fries, at Chesterfield Inlet, Keewatin, and 
thinking how closely the erect, open capsules resem- 
bled the gemma cups of Marchantia. Examination of 
specimens collected at that time confirmed that the 
open capsule formed a deep cup with a flaring lip. 
Several plants were sent to Brodie, who agreed that 
the form of the cup appeared to be suitable for splash 
dispersal of the seeds. 

Chrysosplenium americanum Schwein. was found in 
fruit some miles from Ottawa on June 4, 1952, a few 
hours after a heavy thunderstorm. The fully expanded 

1Contribution No. 1198 from the Division of Botany and 


Plant Pathology, Science Service, Department of Agriculture, 
Ottawa, Canada. 
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capsules were all empty, but those only partly ex- 
panded had the full complement of 6-8 seeds attached 
to the two parietal placentae. Some of these plants 
were brought into the laboratory and placed in shal- 
low water. After 24 hr, water drops falling from 3 ft 
caused seeds to be thrown horizontally up to 16 in. 
Some seeds had not completely abscissed, the plants 
were less turgid than in the field, and some difficulty 
was experienced in keeping the capsules as strictly 
upright as they are when growing naturally; other- 
wise it is probable that seeds would have been ejected 
for greater distances. Chrysosplenium should be easily 
grown in the greenhouse and would serve well to dem- 
onstrate the mechanism to students. 

Chrysosplenium is well suited to this dispersal 
mechanism since it grows frequently in the splash 
from waterfalls, below moist cliffs, or in swampy 
woods where even a drizzling rain will fall from the 
trees in large drops. 

On June 18 it was noticed that all capsules of 
Mitella diphylla L. that were approaching maturity 
had become vertically oriented even on a plant whose 
stem had been bent to the horizontal. Changed orien- 
tation of capsules on plants brought into the labora- 
tory indicated that the vertical disposition is due to 
a phototropie response. Although the mature cap- 
sule of M. diphylla is somewhat flattened, rather than 
circular, in plan view, it has the form of a deep cup 
with a widely flaring lip and appears well adapted 
for splash dispersal of the seeds, which are held in 
clusters at the two ends of the cup. The seeds were 
all firmly attached at this time and no test could be 
made. It was not possible to visit colonies of this 
plant again until July 4. Heavy rain had fallen most 
of the preceding night, and the majority of capsules 
were empty. Plants with some immature capsules were 
collected and kept in water for 48 hr. The capsules 
were then subjected to water drops falling from dis- 
tances of 3 ft 4 in. to 3 ft 8 in., depending upon the 
position of the capsules on the stalk. Although some 
capsules shriveled without the seeds abscissing, seeds 
were ejected from several of them, to distances of 
4-29.5 in., the average distance being 11.6 in. With 
a free fall from the canopy of the mature deciduous 
woods in which M. diphylla commonly grows the seeds 
are presumably thrown appreciably further. 

In the writer’s experience the capsules of Mitella 
nuda always become erect at maturity, and this fact 
is borne out by examination of herbarium specimens 
ranging from Alberta to Nova Scotia. Less abundant 
material of M. breweri, M. ovalis, and M. pentandra 
suggests that the same is true of these species. The 
mature capsules of all these species have much the 
same form as those of M. diphylla, and it is probable 
that they function similarly. 

Examination of available herbarium material indi- 
cates that in some species of Heuchera (e.g., H. ameri- 
cana) the mature capsules are more or less erect, 
whereas in others (e.g., H. glabra) they are not. In all 
species the capsules open apically but with a con- 
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stricted throat, resulting in a deep vessel that prob- 
ably functions as a very inefficient splash eup even 
when it is suitably oriented. It is probable that in the 
Saxifragaceae the splash mechanism originated in 
Heuchera. In the related Tolmiea menziesii the ecap- 
sules are more or less erect but are more poorly shaped 
than those of most Heuchera spp. In Sazifraga the 
mature capsules are generally erect and form a some- 
what better cup with less constriction at the throat, 
but too broad at the base for high efficiency. From 
Heuchera or Tolmiea there appear to have been two 
evolutionary lines: one leading to Saxifraga and re- 
lated genera with axile placentation, but poorly de- 
veloped splash cups; and one, perhaps through Tel- 
lima, to Mitella with parietal placentation, but effi- 
cient splash cups. Chrysosplenium, also with parietal 
placentation, has perhaps been derived from the latter 
line, but it is so reduced and specialized morphologi- 
eally that its affinities are obscure. 


Reference 
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Iron Content of an Insect Virus? 


C. F. Holoway and G. H. Bergold 


Department of Chemistry, Sault Branch, 
Michigan College of Mining and Technology, 
Sault Ste. Marie, Michigan, and 

Laboratory of Insect Pathology, 

Sault Ste. Marie, Ontario, Canada 


Glaser and Chapman (1) reported that polyhedral 
bodies of Bombyx mori L. (silkworm) contained 
.496% iron, at a time when the nature of the poly- 
hedral bodies and their relation to the virus itself 
were unknown. Bergold (2) first isolated and demon- 
strated the virus particles and showed that the poly- 
hedral bodies of B. mori consist of about 95% non- 
infectious, homogeneous polyhedral protein with a 
molecular weight of about 378,000, and about 5% in- 
fectious virus material. In view of these findings it 
seemed of interest to investigate the distribution of 
iron in the polyhedral bodies. 

The quantitative determination of iron was difficult 
since only small quantities (1-3) mg of virus were 
available. Comparison cf the numerous methods de- 
seribed in the literature was undertaken, and finally 
the o-phenanthroline method of Saywell and Cunning- 
ham (3) and a wet-ashing procedure? were adopted. 
The following procedure was developed: To samples 
(up to 20 mg) containing 0.1-1.5 ug Fe, 2 ml of 9 N 
H,SO, is added and dried for 5 hr at about 150° C. 
They are incinerated at 210° C for 3 hr, or until color- 
less (up to 7 hr), adding a total of 4-10 drops of 

1 Contribution No. 75, Division of Forest Biology. Science 


Service, Department of Agriculture, Ottawa, Canada. 


2A procedure for dry-ashing will be described by the senior 
author at a later date. 
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30% H,O,, depending on the sample size. After cool- 
ing, 4.7 ml of triple-distilled water, 0.4 ml 10% 
NH,OH - HCl, 0.4 ml o-phenanthroline, and 6.0 ml 
5 N NH,OH are added, resulting in a total volume 
of 12.0 ml, pH about 10. After 30 min the sample is 
cleared by high-speed centrifugation, and the absorp- 
tion is measured in a photoelectric spectrophotometer 
equipped with a blue filter (4) and using cells with 
5 em light path. Amounts of 0.1-1.5 ug Fe can be 
determined with an accuracy of about + 0.02 ug. Spe- 
cial care is necessary to avoid contamination. 

The isolation and purification of the virus and poly- 
hedral protein were carried out as described previ- 
ously (2, 5). Samples of polyhedral protein and virus 
yielded the same results when washed repeatedly or 
dialyzed. Results are summarized in Table 1. Parallel 


TABLE 1 
Iron CONTENT OF POLYHEDRAL BopIEs, POLYHEDRAL 


m Mean 
(mg) 
Polyhedral bodies 17.5 0.89 0.051 
19.4 1.11 .057 
8.2 0.41 .050 
19.9 0.86 043 0.005 
18.4 1.01 
13.9 0.70 050 
17.4 82 047 
Polyhedral protein 8.0 45 .056 
13.5 89 066 
16.1 96 .060 
8.6 42 
4.8 28 056 
9.7 53 053 
10.9 59 059 
7.9 45 057 
Virus 2.4 41 172 
1.2 .22 
1.2 143 
2.4 29 122 
3.3 


analyses by emission spectrography* were in good 
agreement. From Table 1 it can be seen that highly 
purified polyhedral bodies of B. mori contain only 
.005% iron instead of .496%, as reported by Glaser. 
It is of interest to note that the iron content of the 
virus is about three times as great as that of the sur- 
rounding polyhedral protein. The interpretation of 
the function of such a small amount of iron is prob- 
ably not advisable. However, .015% still represents 
about 750 atoms of Fe per virus particle (particle 
weight 45.6 x10" g), which would be sufficient for 
a cytochrome system. Since insect viruses are econ- 
sidered to be organisms (6), the iron content might 
be of some biological significance. 

So far as is known, iron has never previously been 
reported as a constituent of any purified virus. 

®The authors wish to express their appreciation to Dr. 


MacNamara and B. Herbert, of the Algoma Steel Corporation, 
Ltd., Sault Ste. Marie, Ontario, for the spectrographic results. 
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Syntheses of Methylamine-C** 
and Diazomethane-C** 


A. Russell Jones and Walter J. Skraba 


Chemistry Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 


Easily performed procedures for the preparation of 
the useful synthetic intermediates methylamine-C** 
and diazomethane-C'' in yields, respectively, of 98% 
and 54% have been used with excellent results in these 
laboratories over the past two years. 

Potassium eyanide-C'* was prepared by a modifi- 
eation of the Loftfield (1) procedure which utilizes the 
reaction of carbon dioxide and ammonia with a potas- 
sium mirror at 630° C. The sealed tubes were made of 
quartz, which eliminated the strains to which Pyrex 
is subject. No tuve failure bas vceaurved since this 
change in over a hundred experiments. The formation 
of the potassium mirror was accomplished simply by 
warming the lower end of the evacuated tube contain- 
ing the potassium with a small burner while blowing 
a stream of cooled air on the upper walls of the tube. 
The nozzle of the air tube was directed by hand so as 
to cause condensation of the potassium progressively 
downward from the top. 

The cyanide was readily reduced at atmospheric 
pressure by hydrogen and platinum oxide in dilute sul- 
furie acid solution. A 98% yield of methylamine-C™ 
hydrochloride was obtained by making the hydrogena- 
tion solution basic with potassium hydroxide and dis- 
tilling the volatile base into a receiver containing hy- 
drochlorie acid. 

(Methyl-C"*)-urea was quantitatively obtained by 
heating the distillate (vol reduced to 5 ml) for 30 min 
with a slight excess of potassium cyanate in a boiling 
water bath. The procedure of Arndt and Amende (2) 
was more easily adapted to the small-scale prepara- 
tion required than the methods for the preparation of 
diazomethane precursors involving the reactions of 
methylamine hydrochloride with urea (3) and of 
methylamine with mesityl oxide (4). The purified 
product was eluted from the dried reaction residue 
with boiling anhydrous methanol. 

was obtained by 
the usual procedure, although with inverse addition 
of the reagents. It was filtered and freed of inorganic 
material by elution with anhydrous methanol at room 


1This document is based upon work performed under Con- 
tract Number W-7405-eng.-26 for the Atomic Energy Com- 
mission at the Oak Ridge National Laboratory. 


Science, Vol. 117 


com] 
subs 
was 

trom 


temp 
of th 
eyan 
Di 
susp 
sium 
the « 
taini 
eyan 
of m 
1. Li 
2. A 
a 
- PROTEIN AND VIRUS OF B. mori 3. A 
4.R 
25 
5. P 
In 
Man 
a Rer 
fro 
Luc 
Dep 
Uni 
I 
riba 
qua 
chil 
tain 
vita 
tres 
low 
of 
met 
inv 
Ma 
mel 
is f 
uet: 
7 
by 
1 
of 1 
. 2 
the 
con 
mil 
full 
pha 
me! 
= Ma 


temperature. The fluffy solid produced by evaporation 
of the eluate was obtained in 77% yield from sodium 
eyanide-C'* (radiochemical yield, 76%). 

Diazomethaue was prepared by treating an ether 
suspension of the nitrosomethylurea with 50% potas- 
sium hydroxide for a short time and then eodistilling 
the ether and product into dry-ice cooled traps eon- 
taining reactants. The yield was 54% from sodium 
eyanide-C'* as determined by radiochemical analysis 
of methyl-C** 3,5-dinitro-2-methyl benzoate (chemical 
yield, 60%). The radiochemical analyses were ac- 
complished by oxidation of aliquots of the radioactive 
substance to carbon-C"* dioxide, the activity of which 
was determined by means of a vibrating Reed elec- 
trometer (5). 
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Removal of Thiamin and Riboflavin 
from Milk for Dietary Use* 


Lucile F. Adamson 


Department of Home Economics, 
University of Illinois, Urbana 


In planning palatable experimental diets low in 
riboflavin and thiamin it is difficult to include ade- 
quate amounts of protein, calcium, and phosphorus 
from natural food sourees. Recommended diets for 
children and adolescents, in particular, ordinarily econ- 
tain large amounts of milk with its accompanying B 
vitamins. 

Moody, Hauge, and Lundquist (1) have reported 
treatment of milk with florisil? in order to obtain a 
low-riboflavin milk for calf feeding. The same prin- 
ciple was used in this laboratory for removal of most 
of the riboflavin and thiamin from whole milk. The 
method uses florisil as an alternative to procedures 
involving irradiation of dry or whole milk (1, 3, 4). 
Main advantages of the florisil method are (1) treat- 
ment is rapid, (2) removal of thiamin and riboflavin 
is fairly complete, (3) there are no irradiation prod- 
ucts, and (4) the taste of the milk is unaltered. 

Two cotton gauze milk filter pads, such as are used 
by milk producers, are placed in a 6-in. Buchner fun- 

1 Supported in part by a contract sponsored by the Bureau 
of Human Nutrition and Home Economics, USDA. 

2 Florisil is a synthetic magnesium silicate obtainable from 
the Floridin Company, Warren, Pa. Particles which might 
conceivably remain in the treated milk would not make the 
milk unfit for human consumption. This compound and other 
fuller’s earth-type materials are used for purification of 


pharmaceuticals and medicinally as antiacids and for treat- 
ment of peptic ulcers, ete. (2). 
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nel and sealed with water. Three hundred g 60/100 
mesh florisil suspended in 2% acetic acid is poured 
into the funnel and allowed to drain (without sue- 
tion). The florisil is washed three times by filling the 
funnel with water. This washing serves to remove 
both the excess acid and the florisil dust which can- 
not be retained by the filter pads. 

Three gallons of whole, homogenized milk is then 
delivered from a separatory funnel into the Buchner 
at the rate of filtration. A small circle of glass should 
be laid on the florisil below the end of the separatory 
funnel to avoid formation of a hole in the florisil. 
Collection is begun as soon as all the water appears 
to have been expelled. 

Filtration of 3 gal milk without suction requires 
90 min; 87-91% of the riboflavin and 95-100% 
of the thiamin are removed. Removal of calcium, 
phosphorus, and protein was found to be negligible. 
Adsorption in absolute amounts of these substances 
may well be as great as or greater than that of ribo- 
flavin and thiamin, but, as the calcium, phosphorus, 
and protein concentrations in milk are of a much 
yreater magnitude, the fraction of the whole which 
is removed is not enough markedly to impair the 
value of the treated milk as a source of these nu- 
trients. Only the thiamin, riboflavin, caleium, phos- 
phorus, and nitrogen contents of the treated milk 
were investigated. The possibility that certain of the 
other vitamins present are also removed to greater or 
less extent is recognized. The treated milk should not 
be assumed to be a source of any nutrient until this 
assumption is justified by analytical results. 

Either aseptic procedures should be used through- 
out, or the treatment of the milk should be followed 
by pasteurization. 

Because of the cost of florisil, it may be desirable 
to recover and reuse it. After the florisil has been 
washed free of milk, it is washed with 20% pyridine 
in 2% acetic acid, in order to elute the adsorbed vita- 
mins. The pyridine solution is washed away with 
water, and the florisil is then heated overnight at 
600° C (5). It is not necessary to remove the pyridine 
exhaustively by washing. In the course of the high- 
temperature treatment, the florisil will be freed of all 
pyridine and of any other residual materials that can 
be distilled or carbonized. Adsorptive power of the 
reclaimed florisil was found not to differ from that of 
the unused product. It has not been determined 
whether the florisil loses its adsorptive properties 
after being repeatedly reused and reactivated. 
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The Protective Effect against 
X-Irradiation of Methyl 
Lineolate in the Rat* 


Harry J. Deuel, Jr., Amber L. S. Cheng, 
George D. Kryder, and M. E. Bingemann? 


Department of Biochemistry and Nutrition, 
University of Southern California, Los Angeles 


In previous work from this laboratory (1), it was 
shown that rats receiving a diet containing as small a 
proportion of cottonseed (Wesson) oil as 2% were 
much more resistant to injury from x-irradiation than 
were animals on a fat-free regimen. Although no dif- 
ferences in survival could be noted when the rats re- 
ceiving 0 or 30% of cottonseed oil in the diet were 
subjected to a single lethal dose of 650 r and 850 r, a 
marked variability in survival time obtained when ani- 
mals on these dietary regimens were subjected to re- 
peated sublethal doses of x-irradiation in amounts of 
300 r at weekly intervals. The groups in which fat was 
present in the diets lived for a significantly longer 
period after being subjected to x-irradiation than did 
the control group receiving a fat-free ration. 

In addition to the level of fat, which is an important 
factor in protection from x-irradiation, sex has like- 
wise been shown to play a significant role. In one 
series of tests (II) carried out on mature rats, the 
cottonseed-oil regimen protected the male and female 
rats equally well. On the other hand, in another series 
(III), in which vigorous young animals received diets 
containing 0, 2, or 30% cottonseed oil, the protective 
effeet of the cottonseed oil was much less marked in 
the female than in the male animals. 

The length of survival was found to be the most 
satisfactory index in evaluating the effectiveness of 
the several dietary factors. Thus, in Series II, the 
male rats receiving 15% or 30% of cottonseed oil in 
their diet survived 70+6.1 or 63+7.1 days, respec- 
tively, as contrasted with a mean of 34+3.3 days for 
those on the fat-free regimen. Corresponding averages 
for the female rats were 76+7.0 days (15% oil), 
69+5.3 days (30% oil), and 39+4.3 days (0% oil). 
In Series III, the variations were equally significant 
for the males; the survival times averaged 65 + 3.0 
days and 67+3.2 days for the rats on the 2% and 
30% cottonseed oil diets as contrasted with a value of 
51+3.1 days for the control male rats. On the other 
hand, although the averages for the females were simi- 
lar to those for the males on the experimental diets 
(67 + 2.6 days for 2% oil, 62 +3.4 days for 30% oil), 
they are not significantly different from the results on 
the control rats, which had a mean survival time of 
61+3.6 days. 

The effectiveness of the fat diets in protecting the 
animals is further indicated by the fact that, coupled 


1 This investigation was supported in part by a research 
grant from the Atomic Energy Commission (No. AT(11-1)- 
113). Communication No. 319 from the Department of Bio- 
chemistry and Nutrition, University of Southern California. 

2 We wish to thank Merck & Co. for the B vitamins (except 
folic acid and biotin), the Lederle Laboratories for folic acid, 
and Hoffmann-LaRoche for the biotin. 
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with the increased survival times, the average expo- 
sure to x-irradiation was considerably higher in the 
groups receiving fats than it was in the ease of the 
animals on the fat-free diet. Although the hemoglobin 
level and leucocyte count decreased in all cases for 
animals exposed to x-rays, it was found that the re- 
sults obtained by means of these data were too irregu- 
lar to be satisfactory indices of the protective effect. 

Because of the small amount of fat required to 
exert a protective action on irradiation damage, it 
seemed possible that the therapeutie agent in cotton- 
seed oil might be the essential fatty acids. On the 
basis of an average food consumption of 10 g daily, 
this would represent an intake of 200 mg cottonseed 
oil/day. Since cottonseed oil contains about 50% lin- 
oleate (2), the daily ingestion of 100 mg of linoleate 
would thus be indicated. Although the optimum dose 
of linoleate for male rats probably exceeds 200 mg/ 
day (3), definite growth responses can be demon- 
strated when amounts of linoleic acid as low as 5 
mg/day are administered. In the case of female rats, 
the optimum daily dose probably approximates 50 
mg (4). It is therefore evident that the linoleate intake 
of the rats receiving the 2% cottonseed-oil diet is 
within the physiological range. The present experi- 
ments were designed to demonstrate whether a pro- 
tective action against x-irradiation, similar to that 
noted for cottonseed oil, would be exhibited by puri- 
fied methyl] linoleate. In order to obtain further evi- 
dence of the effectiveness of the essential acids, the 
dose chosen was 10 mg/day, which was high enough 
to produce an increase in body weight on a fat-free 
diet. but far below the optimum level for growth. 

The tests were carried out on male and female rats 
from our stock colony which were 5-6 months old at 
the start of the present tests. They were placed on 
essential fatty acid-free diets at weaning and were 
continued on these diets until fat-deficiency symptoms 
were noted. The animals were considered to be de- 
pleted when a sustained drop in body weight was 
maintained over 2 weeks, or when the total weight 
gain over a 3-week period did not exceed 4 g. The 
time required for the deficiency symptoms to develop 
was 9-12 weeks. The fat depletion diet contained 
vitamin-test casein, 20%; sucrose, 71.64%; cellulose 
(Solka-Floc), 4% ; Osborne-Mendel salt mixture, 4%; 
and synthetic B vitamins, 0.36%.° Hydrogenated ¢o- 
conut oil was added to this diet in amounts of 0, 5, 
15, or 30%, replacing a corresponding amount of 
sucrose. A fat-soluble vitamin mixture was adminis- 
tered orally twice each week. The doses per day were 
as follows: a-tocopherol, 0.1 mg; vitamin A, 30 ug; 
and vitamin D, 100 IU. 

After depletion, the rats were all continued on the 
fat-free basal diet for an 8-week assay period. At 
the termination of this interval, the animals were as- 


*The composition of the water-soluble vitamin mixture in 
mg/100 g of the diet was as follows : thiamine chloride hydro- 
chloride, 7.2 ; riboflavin, 2.74; pyridoxine, 2.7 ; calcium panto- 
thenate, 6.0 ; nicotinic acid, 6.0 ; inositol, 50.0 ; p-aminobenzoic 
acid, 60.5 ; folic acid, 1.0 ; biotin, 0.25; choline chloride, 200; 
vitamin B,,, 0.005 (Sv) ; ascorbic acid, 20.0; and menadione, 
0.5. The total weight of these supplements is 0.357 g. 
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“TABLE 1 


SURVIVAL OF MALE AND FEMALE RATs ON A Fat-FREE DieT AND SUBJECTED To SUBLETHAL 
Doses oF X-RAYS WITHOUT OR WITH SUPPLEMENTATION WITH METHYL 
LINOLEATE IN Doses oF 10 MG 


Male rats Female rats 


Wkson Cumulative 
Category experi- exposure to No 10 mg No De mg 
ments x-irradiation linoleate inoleate 
(r) daily daily 
No. of rats at start _- — 36 35 35 37 
Av wt at start (g) — -- 223.4 178.6 253.3 201.1 
Mortality, %, and number 1 300 0 0 0 0 
(in parentheses) 2 600 2.8(1) 0 0 0 
3 900 5.6(2) 0 0 0 
4 1200 22.2(8) 0 8.6(3) 0 
5 1200 30.6(10) 5.7(2) 20.0(7) 5.4(2) 
6 1200 36.1(13) 11.4(4) 28.5(10) 8.1(3) 
7 1500 47.2(17) 17.1(6) 39.9(14) 13.5(5) 
8 1500 55.6(20) 22.8(8) 45.6(16) 24.3(9) 
9 1800 61.1(22) 25.7(9) 59.9(21) 32.4(12) 
10 1800 69.4(25) 31.4(11) 62.7 (22) 32.4(12) 
11 2100 80.5(29) 39.9(14) 71.3(25) 43.2(16) 
12 2100 86.1(31) 54.2(19) 74.1(26) 48.6(18) 
13 2400 88.9(32) 59.9(21) 85.5(30) 56.7 (21) 
14 2400 91.6(33) 59.9(21) 85.5(30) 56.7 (21) 
Av survival time (days) * — 53.4 + 3.8 74.7 +3.3 58.5 + 4.0 74.8 + 3.3 
Av exposure (r) = — 1408 2040 1766 2059 


* Including standard error of mean calculated as follows: V ed?/na/Vn where d is the deviation from the mean and n 


is the number of observations. 


+ Mean difference: standard error of mean difference when results on control and experimental group are compared. When 


this value exceeds 3, the differences are significant. 


signed to the two groups employed in the current tests. 
Both groups received the same basal fat-free diet that 
had been used in the depletion and assay periods, ex- 
cept that the coconut oil was replaced by sucrose dur- 
ing the assay period: One group received 10 mg of 
methyl linoleate daily by mouth, by means of a tuber- 
culin syringe with a blunted needle. The fat-soluble 
vitamin mixture was administered twice weekly. All 
rats were subjected to 300 r of x-irradiation weekly 
for 4 weeks, after which the same dose was given 
once in 3 weeks or on alternate weeks until a 2400 r 
exposure had been completed over a 14-week period. 
The rats were housed in individual cages and were 
weighed weekly. Food and water were given ad lib. 
The x-ray apparatus employed has been described 
earlier (1, 5). The results of the tests are summarized 
in Table 1. 

The increased survival time of the male and female 
rats receiving 10 mg of methyl linoleate daily is sig- 
nificantly greater, from a statistical standpoint, than 
that of the rats receiving the basal fat-free diet with- 
out linoleate. Moreover, the survival time for the lino- 
leate-supplemented rats was increased despite the 
fact that the average exposure to x-irradiation was 
45% and 17% greater for the male and female rats, 
respectively, which were supplemented than for the 
unsupplemented controls. Had equal doses of x-irra- 
diation been given to the two groups, wider variations 
in survival time would have been noted. Moreover, the 
method of calculation is such as to indicate minimum 
differences. Since the experiment was terminated after 
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14 weeks, the survival time of all rats still alive was 
calculated as 98 days. Had the experiment been al- 
lowed to continue without further irradiation, and if 
the actual survival time had been used for the ealeu- 
lations, the discrepancies in means between the two 
groups would have been greatly exaggerated. This is 
due to the fact that, at the termination of the experi- 
ment, only 8 rats (3 male, 5 female) of the unsup- 
plemented group were still alive, whereas 30 rats (14 
male, 16 female) of the group receiving 10 mg of 
methyl linoleate had survived. 

The reason for the beneficial effect of methyl lino- 
leate on irradiation injury is not immediately clear. 
It is known to be important, however, in the nutrition 
of the epidermis, since an eezematous condition of the 
skin and scaliness of the tail oceur in essential fatty 
acid deficiency. It is of considerable interest that a 
number of substances that have proved efficacious in 
irradiation injury, among which are cystine, ascorbie 
acid, and vitamin P (6), are likewise substances of 
considerable importance in the metabolism of the 
epidermis. 
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Comments and Communications 


Weight and Body Temperature in Mammals 

Tue recent statement (7) that a previously de- 
seribed relationship between weight and body tem- 
perature (2) was “not valid,” and that “the apparent 
correlation resulted from an inadequate representa- 
tion of data,” deserves comment. 

The paucity of data in the literature makes it 
difficult to correlate comparative body temperatures 
with other factors in a thorough and completely 
satisfying manner. This deficiency has been due in 
part to the fact that many reports on metabolic 
rates of various species neglect to record necessary 
data on body temperature of the animals under 
study (3, 4). Nevertheless, a large number of well- 
controlled studies on laboratory and domestic ani- 
mals, and the sporadic data on exotic species make 
it apparent that the described relationship between 
weight and body temperature is valid. This becomes 
clear in a brief review of some of the literature 
reporting the body temperature of smaller mammals, 
listed below in order of increasing weight. 

In a painstaking study Kendleigh (5) has shown 
the basal body temperature of shrews (Blarina 
brevicauda talpoides) (10 g) to approximate 34.7° C, 
and that of the white-footed mouse (Peromyscus 
maniculatus gracilis) (20 g) is averaged at 36° C. 
The careful work of Herrington (6) gives the 
average basal temperature of mice (20-30 g) as 
36.5° C. Bats (30 g) are reported as also showing 
this temperature (7). The chipmunk (Tamias 
striatus) (150 g) has a basal temperature of 36.5° C 
(5). Ground squirrels (150-250 g) are reported as 
averaging 37° C (8, 9). The rat (300-400 g) is 
generally agreed to have an average body temperature 
about 37.5° C (6, 8, 10-13). The average temperature 
for the guinea pig (400-750 g) is given as ranging 
from 38° to 39° C (6, 8, 12, 14, 15). For the rabbit, 
eat, and dog the average is 39° C or slightly higher 
(8, 12, 16-23). Data on body temperatures of non- 
domestic animals are necessarily limited and are 
commonly influenced by exertion and anxiety on the 
part of the animal, and often of the observer. 

The average temperatures of mammals in the 
5-100-kg range show considerable variation, as in- 
dicated in our original figure (2), but all are 37.5° C 
or more. The very large mammals have temperatures 
below this value. Thus the elephant seal, with a 
weight of about 1400 kg, has a temperature of 
35° C (24). Elephants are reported consistently to 
have body temperatures of. 35.5°-36.5° C (8, 12, 25, 
26). All these data fit well with the postulated 
relationship. Inspection of Morrison and Ryser’s 
Fig. 1 reveals a satisfactory relationship for weight 
and body temperature for carnivores and primates. 
Computation of statistical trends for other single 
orders, such as Morrison and Ryser have attempted, 
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must await the accumulation of considerably more 
data than they present. 

The great variability of body temperature, partic- 
ularly under conditions of disease and exertion, 
makes it necessary to use judgment in the utilization 
of data. Publication of all available data obtained 
under these nonbasal conditions, calculation of aver- 
ages, and even statistical handling with determination 
of the standard deviation of the means and the t 
values, do not assure an adequate approximation to 
the resting temperature level. Thus, as Wislocki (8) 
has pointed out, “the temperature readings [on 
whales] are all from stranded individuals and in all 
likelihood do not represent the normal temperature 
of these animals.” Just why Morrison and Ryser 
selected two values from the 40 listed by Zenkovich 
(27) on dead whales, rather than thé’ five values on 
living but moribund whales is difficult to fathom. 
These values obviously cannot be accepted as evi- 
dence against the weight-temperature relationship. 
Similarly, Morrison and Ryser (1) have selected a 
single datum on the shrew from the four listed by 
Kendleigh (5) and have neglected to note that this 
was a struggling animal that died immediately after- 
ward. Kendleigh (5) recorded that in the course of 
a few minutes of struggling, the body temperature 
of small mammals may rise from a resting level 
slightly over 35° C to as high as 39.5° C. Since no 
statement concerning the conditions of measurement 
of the body temperature of their small mammals 
was made by Morrison and Ryser (1), the validity 
and significance of their data must be held sub 
judice. 

Attention is called to an error in the weight, and 
probably in the temperature, given for the manatee 
(2). These sea cows may weigh as much as 1000 kg. 
Only two reports (38.9° and 40.0° C) were found on 
these species, both apparently taken at the time of 
death (28). The difficulty in obtaining resting tem- 
peratures of these animals, as well as of other 
animals being driven to slaughter, has been pointed 
out by Hanna (29). 

It must be borne in mind that our knowledge of 
basal mammalian temperatures is so fragmentary 
that scientific evidence damaging to the weight- 
temperature assumption may yet accumulate on 
further inquiry. 

Smon Ropparp 
Cardiovascular Department, Michael Reese Hospital 
Chicago, Illinois 
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Book Reviews 


The Exact Sciences in Antiquity. 0. Neugebauer. 
Princeton, N. J.: Princeton Univ. Press, 1952. 191 
pp. and 14 plates. $5.00. 


Despite all the lip service given nowadays to gen- 
eral education, rarely is science assigned more than 
a minor technical role of “information, please.” Any 
integration of science with culture is supposedly the 
responsibility of self-styled humanists, who rely pri- 
marily upon the scholarship of other humanists. It is 
not surprising, therefore, that the historical interre- 
lationships between science and civilization are some- 
what distorted. What is needed as a basis for any 
generalizations are researches by scientifically trained 
historians and/or by -historically trained scientists. 
Otto Neugebauer belongs to this class. As he grate- 
fully remarks in the preface, with respect to its dedi- 
cation to Richard Courant: “I owe him the experience 
of being introduced to modern mathematics and phys- 
ies as a part of intellectual endeavor, never isolated 
from each other nor from any other field of civili- 
zation.” 

The present book, a modified form of the author’s 
1949 Cornell University “Messenger Lectures on the 
Evolution of Civilization,” is a semipopular, scholarly 
account of mathematics and astronomy in Babylonia 
and Egypt in their relationship to Hellenistic science. 
It is based upon the author’s belief that “The investi- 
gation of the transmission of mathematics and astron- 
omy is one of the most powerful tools for the estab- 
lishment of relations between different civilizations.” 
The author modestly concludes his account with the 
remark: “Perhaps it is vain to hope for anything 
more than a picture which is pleasing to the con- 
structive mind when we try to restore the past.” 

After a review of the early history of number sym- 
bols, the author discusses the characteristic features 
of mathematics in the Old Babylonian period of the 
Hammurabi dynasty. To an amateur, such as myself, 
nurtured upon classical tradition, it is startling to 
learn of the highly developed numerical skills utilized 
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at this time. Tables still exist containing squares and 
square roots, cubes and cube roots, and sums of 
squares and cubes. Special types of cubic equations 
were solved; particular exponential functions (for 
the computation of compound interest) were used; 
arithmetical progression was known. From a Seleucid 
text one finds “the correct application of the ‘quad- 
ratic’ formula for the solution of quadratic equa- 
tions.”! Their computed value of 1.414213 (actually 
1.414214) for the square root of 2 was still used by 
Ptolemy. In connection with such numerical work, 
“The determination of the diagonal of the square from 
its side is sufficient proof that the Pythagorean 
theorem was known more than a thousand years be- 
fore Pythagoras.” Even the “fundamental formulas 
for the construction of triples of Pythagorean num- 
bers were known. . . . Geometrical concepts play a 
very secondary part in Babylonian algebra.” 

After this fascinating revelation of “a level of 
mathematical development which can in many aspects 
be compared with the mathematics, say, of the early 
Renaissance,” it is somewhat of a letdown to read 
about the status of early Egyptian mathematics and 
astronomy. For example, “Egyptian mathematics did 
not contribute positively to the development of mathe- 
maties.” One of the major results, however, was a 
“deeper insight into the development of computation 
with fractions.” The whole process was entirely addi- 
tive. In the case of astronomy there is apparently 
only one very beneficial influence—namely, a calendar 
with a fixed time seale and no interealations, which 
became the standard astronomical system of reference 
through the Middle Ages. “This calendar, indeed, is 
the only intelligent calendar which ever existed in 
human history.” Incidentally, one “Egyptian contri- 
bution to astronomy is the twelve divisions of daytime 
and of night.” Noteworthy by its omission in the text 
proper is any reference to the astronomical or mathe- 
matical significance of the Pyramids. The author con- 


2“One of the tablets from Susa implies even a special 
problem of the eighth degree.” 
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cludes this lecture with the interesting judgment that 
“Ancient science was the product of a very few men; 
and these few happened not to be Egyptians.” 

After this interlude we find ourselves searching for 
clues to ferret out the mysteries of Babylonian as- 
tronomy. Right at the start we are emphatically 
warned that “mathematical theory played the major 
role in Babylonian astronomy as compared with the 
very modest role of observations, whose legendary ac- 
curacy also appeared more and more to be a myth.” 
The Babylonians, of course, were primarily interested 
in lunar, solar, and planetary phenomena close to the 
horizon. We are reminded that sandstorms frequently 
obscure the desert horizon so that “the almost pro- 
verbial brilliance of the Babylonian sky is more a 
literary cliché than an actual fact.” Eclipses and oc- 
cultations, on the other hand, are usually observable 
under more favorable conditions. Hence, “Ptolemy 
states that practically complete lists of eclipses are 
available since the reign of Nabonassar (747 B.c.), 
while he complains about the lack of reliable plane- 
tary observations. . . . Not a single text is known 
which could be called a wholly observational record. 
... We know so little about the underlying empirical 
material which was so skillfully applied to provide 
the basic parameters of a real mathematical theory.” 
Incidentally, the zodiac (first mentioned in a Baby- 
lonian text of 419 B.c.) was invented to assist in the 
deseription of celestial motions. “Arithmetical pro- 
gressions were skillfully utilized for the prediction 
of lunar phenomena with an accuracy of a few min- 
utes.” Babylonian astronomy was fully developed at 
about 300 B.c. 

The last chapter, on the “Origin and Transmission 
of Hellenistic Sciences,” is a natural climax for this 
challenging story. By this time we are conditioned to 
expect something like the following: 

If modern scholars had devoted as much attention to 
Galen or Ptolemy, they would have come to quite different 
results about the remarkable quality of the so-called Greek 
mind to develop scientific theories without resorting to 
experimental or empirical ‘tests. . . . Plato’s role has been 
widely exaggerated. . . . His advice to astronomers to re- 
place observations by speculation would have destroyed 
one of the most important contributions of the Greeks to 
the exact sciences. 

On the other hand, “the traditional stories of dis- 
ecoveries made by Thales or Pythagoras must be dis- 
carded as totally unhistorical.” 

Professor Neugebauer cites evidence for his conclu- 
sion that the mathematics of the Hellenistic period 
is part of an unbroken tradition from earliest ancient 
history to modern times. On the other hand, “The Ele- 
ments of Euclid concern, with very few exceptions, a 
purely Greek development in a sharply defined diree- 
tion.” The axiomatic style of Eudoxios is to be sharply 
differentiated from that of Ionia and of southern 
Italy. Nor can credence be given to anyone claiming 
“repeated land measurements responsible for geom- 
etry;” it is “completely impossible to test any such 
hypothesis.” In Hero’s later degenerate geometry, in- 
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deed, one finds a reflection of the arithmetical or 
algebraic tradition of Mesopotamia. 

The history of Greek astronomy presents a more 
involved problem than the history of mathematics, 
with its unique contribution over a relatively short 
period. For example, “there existed ‘linear methods’ 
of far wider extent than one could possibly have 
deduced from the silence of Ptolemy and his commen- 
tators.” Furthermore, “essential parameters ascribed 
by Ptolemy to Hipparchus are identical with the cor- 
responding parameters of the Babylonian theory.” 
Hipparchus, indeed, used both geometric and arith- 
metic (linear) methods. The latter were particularly 
used also by astrological authors for horoscopes. 
Hence one finds “astrology . . . an exceedingly help- 
ful tool for the transmission of Hellenistic thought.” 
The Hindu and Babylonian contact, moreover, has 
been made primarily through the Greeks. Accordingly, 
“we stand today at the beginning of a systematic in- 
vestigation of the relations between Hindu and Baby- 
lonian astronomy, an investigation which is bound to 
give us greatly deepened insight into the origin of 
both fields.” 

One of the small pleasures I personally derived 
from this stimulating book was the explanation of 
the arrangement of the Greek planetary week, which 
we still use today. It is “totally misleading when this 
order is called Chaldean in modern literature.” Some- 
thing new about something old! I strongly recommend 
this important summary to every scientist, particu- 
larly mathematical and physical scientists, and to 
every so-called humanist, particularly historians and 
philosophers. The excellent bibliography, notes, and 
references are instructive for mature specialists. 

There are, of course, minor blots on this excellent 
record—for example, the spelling of Greek names. 
I felt somewhat unhappy, too, about the chronological 
table at the end. To be sure, “dates are only approxi- 
mate.” But why 1670 for Newton? What is the basis 
of the approximation? My major critical remark con- 
cerns the title itself. What are “the exact sciences in 
antiquity” or “the modern exact sciences” mentioned 
in the text? Are mathematics and astronomy to be 
regarded as a special single category of the sciences? 
As a physicist I would merely note the following pre- 
dominant features: logic for mathematics, observa- 
tions for astronomy, and experiments for physics. 
Webster’s dictionary cites the phrase the “exact sci- 
ences” as an example of a usage of the word “exact” 
for denoting “capable of great nicety, especially in 
measurements.” Perhaps this meaning might be ap- 
plicable to some branches of physics, but not to most 
of astronomy, and certainly not at all to mathematics. 
In the last instance one might substitute an alternate 
dictionary meaning, namely, rigorous—a fighting word 
among modern mathematicians. I would personally 
prefer to give up this outmoded terminology. 


RaymonpD J. SEEGER 
National Science Foundation, Washington, D. C. 
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Kodak reports to laboratories on: 


processing your own 16mm film... determining bovine pregnancy. ..a fast blue- 
sensitive plate ...a new method of supporting frozen tissue sections 


One day in the early 20s a pair of 
Kodak research men reached the 
conclusion that sixteen millimeters 
would be a reasonable film width 
for reversal-processed non-theatri- 
cal movies. Presently “16mm” had 
imbedded itself into the technology 
of our age, adaptable alike to pur- 
poses of family sentiment, gaiety, 
art, instruction, promotion—and 
data-recording. Perhaps you too 
would like to use it for the latter 
application but have not realized 
that you don’t have to wait for the 
postman to deliver the results. Be 
informed, then, that you can do re- 
versal processing (and, of course, 
negative processing) of black-and- 
white 16mm film in your own lab- 
oratory. You use Kodak Super-X, 
Plus-X, or Super-XX Blue Base 
Reversal Film, which, unlike the 
Cine-Kodak Films, have no proc- 
essing charge included in the pur- 
chase price and no black anti-hala- 
tion backing to get rid of during the 
processing. 

Information on processing Kodak Blue 
Base Reversal Films is available from 


Eastman Kodak Company, Sales Serv- 
ice Division, Rochester 4, N. Y. 


To be reasonably sure 


From Country Gentleman we have 
recently learned that one of our 
products is good for spotting preg- 
nant cows. You permit a urine 
sample from the bossy in question 
to stand at room temperature, then 
add a saturated aqueous solution of 
Indophenol Sodium Salt. \f green 
turns out to be the prevailing color 
note, rejoicing is in order. This 
method told the truth 91% of the 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


its divisions are... serving laboratories everywhere 


time in one herd of 136 cows. All 
we know about it is what we read 
in Country Gentleman (September 
p. 57). 

Indophenol Sodium Salt is just one 
of over 3500 Eastman Organic Chemi- 
cals. For a copy of our catalog, write 
Distillation Products Indus- 
tries, Eastman Organic | So\Sag 
Chemicals Department, chee 
Rochester 3, N. Y. 


Fast, blue-sensitive plate 


It might seem that a panchromatic 
photographic material should be 
more sensitive to tungsten light 
(3000 K) than a “color blind” one 
that quits with the end of the blue 
third of the spectrum. Not neces- 
sarily so. We make a plate of the 
latter category that is as fast as our 
famous Kodak Super Panchro Press 
Plate—as much as twice as fast for 
exposure times of the order of sev- 
eral hours. It’s the Kodak Spectro- 
scopic Plate, Type 103-0, admired 
by spectroscopists for its moderate, 
uniform sensitometric gradient all 
the way from 2400A to 4400A. 
Manufacture of these plates has 
been confined within the ivy-covered 
walls of our Emulsion Research 
Laboratory because the plates 
seemed to be of somewhat academic 
interest. We couldn’t have been 
wronger. Lots and lots of people 
want high white-light sensitivity 
with the convenience of handling 
by reasonable safelight illumination 
(Kodak Wratten Series 2) and don’t 
need to preserve tonal relationships 
in flesh, foliage, and fabrics. To 
serve them by immediate shipment 
of a highly uniform product, we 
have switched Type 103-0 to our 
regular plate manufacturing depart- 
ment. (They have ivy on their walls 
too, but their machinery has more 
capacity.) 

Kodak Spectroscopic Plates are sold 
by the Kodak Industrial Dealer in your 
area. If he has not already been supply- 
ing them to you, your note to Eastman 
Kodak Company, Industrial Photo- 
graphic Division, Rochester 4, N. Y., 
will bring full information and get your 
shipment moving to your , 


Frozen section 


Having crowed at left about high 
photographic sensitivity, we are 
equally pleased to announce Kodak 
Frozen Section Stripping Film, 
which has no sensitivity whatso- 
ever. As diagrammed below, it con- 
sists of 10 microns of plain soft 
gelatin on a 24-micron cellulose 
acetate film base atop a convention- 
ally thick film base that serves as a 
strippable carrier until the thick 
film is removed and the gelatin is 
stuck to a frozen tissue section in 
the pathology laboratory. The thin 
cellulose acetate provides support 
for the tissue during the slicing 
stroke of the microtome, so that 
undistorted sections as little as 5 


Bose Appr 24p 


| 
| 


Stripping Point 


Film Bose 


microns thick may be obtained with 
no extraordinary manipulative skill 
from fragile tissues such as fatty 
tumors, thyroid glands, and lymph 
nodes. If the gelatin is prestained 
with thionine or toluidine blue, the 
Stain is transferred to the tissue sec- 
tion quite satisfactorily, giving a 
finished slide from a CO.-frozen 
specimen in about a minute. Pho- 
tography has nothing tc do with all 
this unless and until a photomicro- 
graph is required. This method is 
the work of a very famous and 
versatile friend of ours, Dr. Van- 
nevar Bush, whom you hear about 
much more frequently as a research 
administrator, engineer, computing 
machine pioneer, and philosopher. 

Kodak Frozen Section Stripping Film 
comes in unperforated 35mm strips 25 
feet long. To find out about acquiring a 
roll, write Eastman Kodak Company, 
Industrial Photographic Division, Roch- 
ester 4, N. Y. The paper by Dr. Bush 
and Richard E. Hewitt, which gives de- 
tails of the method, appears in The 
American Journal of Pathology, 1952, 
XXVIII, No. 5, pp. 863-873. 
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Cardiotachometer 
and Recorder 


Uses the electrical potentials generated 
by the heart beats to produce a perma- 
nent record of the heart rate on a paper 
tape. ... The instrument has been used 
successfully on man and animals at 
heart rates up to 360 per minute. 


Cat. no. 70-785 


$900.00 ea. 


The amplifier is specially designed to 
minimize disturbing potentials, both 
from the skeletal muscles of an exer- 
cising subject and from outside elec- 
trical sources. 


Diversified Uses .. . 
Uniform Results .. . 


CF RATS 


e For years CF RATS have been used with out- 
standing success in a wide range of research 

. a fact well evidenced by the continually 
increasing demand for them. 


e Should your work require the use of rats 
we urge that you consider the proven depend- 
ability and versatility of CF RATS 


e For further information please write: 


NEW CITY, N. Y. 


CARWORTH FARMS, INC. 


14 


for 


the easy, 
economical 
way, choose 
Visicam 
Readily attach- 
able to any 
standard mi- 
croscope, the 
versatile Visi- 
cam provides 
inexpensive 
35mm black & | 
white or color 
photomicro- 
graphs of the © 
finest quality. 


Available with or 
convenient “Single-Shot’ camera back. 
For descriptive | literature, write direct to: 


854 S. Figueroa St., Los Angeles 17, Calif. 
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THREE NEW EDITIONS FROM THE 
“TEXTBOOK OF ANIMAL BIOLOGY” SERIES 


Vertebrate Zoology 
Revised Edition by G. R. de BEER 


This excellent text includes a presentation of vertebrate types, a comparative 
treatment of organ systems, and a study of the evolution of vertebrate animals. 
Dr. de Beer, who is Director of the British Museum of Natural History, has 
completely revised the book and brought it up to date. New sections reflect the 
more important recent advances in the knowledge of vertebrate zoology. 

Price: $5.50 


Zoogeography of the Sea 
Revised Edition by SVEN EKMAN 


This is a thoroughly revised edition of a book, first published in 1935 but never 
before distributed in the United States. The various zoogeographical regions of 
the world and their fauna are explained and located. Some of the chapters in- 
cluded are: “The Warm Water Fauna of the Shelf: Introductory Survey,” “The 
Mediterranean-Atlantic Fauna and the Sarmatic Fauna,” “Bottom of the Deep 
Sea,” and “The Pelagic Fauna of the Deep Sea or the Bathypelagic Fauna.” 
The many charts, tables, and illustrations help the student to understand the 
ever-changing life of the faunas of the sea. Price: $6.50 


A General Zoology of the Invertebrates 
Third Edition by G. S. CARTER 


This new third edition of an introductory text for beginning students includes 
the most recent zoological material plus revised and new drawings. The sections 
dealing with the biology of protoplasm and the cell and with the behavior of 
invertebrate animals have been completely rewritten. Price: $5.75 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 
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Routine clinical analysis Macro-preparative work 

Adsorption Industrial ess contro! 

Electrophoresis research analysis Diffusion turbidity measurements 
Mechanical dialysis 


Both models of Aminco Electrophoresis Apparatus constitute 
complete electrophoresis laboratories in single, compact units. 
They incorporate precise schlieren optics in an air-conditioned 
space, automatic integral refrigeration system, built-in line- 
voltage-regulated and current-stabilized high-voltage power 
supply, rapid internal dialysis facilities, and temperature-regu- 
lated water bath. 


Aminco-Stern universal re- Aminco portable model for 
search model for large out- 
put and a wide variety of 
sample volumes. 

BULLETIN 2175-K BULLETIN 2281-K 


horailiny 
AMERICAN INSTRUMENT COMPANY, INC. 
Silver Spring, Maryland ¢ In Metropolitan Washington, D. C. 


routine research and clini- 


cal use on a smaller scale. 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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AN INTRODUCTION TO STATISTICS 


By CHARLES E. CLARK, Emory University. Emphasizing statistical inference, this book pro- 
vides a thorough, elementary exposition of essential statistics, which can be understood with little 
previous knowledge. The topics covered are those which are useful to a social or natural scientist 
who must make the statistical inferences commonly employed in science and industry. Ready in 


March. 266 pages. $4.25. 


AFRICA: A Study in Tropical Development 


By L. DUDLEY STAMP, President, International Geographical Union. Written by one of the 
outstanding geographers of this age, this comprehensive book examines not only the relationship of 
Africa’s geography to its social, political, and economic welfare, but also looks into the real causes be- 
hind the growth of African independence. It surveys the continent as a whole, expertly weighing the 
geographical factors which have contributed to its development or lack of development, and explor- 


ing every facet of African life. Ready in March. 568 pages. $8.50. 


EXPERIMENTAL NUCLEAR PHYSICS, Volumes | and II 


Edited by EMILIO SEGRE, University of California. Written by a veritable WHO’S WHO 
in Nuclear Physics, these two volumes are patterned after the classic German Handbooks. Their 
purpose is threefold: to present the modern experimental techniques; to point out the truly signifi- 
cant facts and data; and to indicate the broad lines of present-day theoretical interpretation. Each 
section of each volume is written by an internationally acknowledged authority on the particular 
subject discussed. Volume I—Ready in March. 789 pages. Prob. $14.00. Volume I1— 
Ready in August. Approx. 470 pages. Prob. $9.00. 


INTRODUCTION TO THE THEORY OF FUNCTIONS 
OF A COMPLEX VARIABLE 
By WOLFGANG THRON, Washington University. This new work rigorously covers all the 
elementary as well as the fairly “deep” results of the theory of complex variables. It contains no 
“intuitive proofs” or theorems for whose proofs the reader is referred elsewhere. The author de- 
velops the basic tools of analysis and includes careful treatments of geometric concepts. Ready in 


March. 230 pages. $6.50. 


Volumes III and IV of GILMAN’S 
ORGANIC CHEMISTRY: An Advanced Treatise 
Edited by HENRY GILMAN, Iowa State College, and a Staff of Specialists. Based on a world- 
wide survey of those branches of organic chemistry which have not been previously covered, these 
new volitmes contain much new material. The range is from the most fundamental theoretical 


aspects of organic chemistry to modern aspects of chemotherapy and antibiotics. Both Volumes 
in preparation. 


STOCHASTIC PROCESSES 


By J. L. DOOB, University of Illinois. The author first provides a solid introduction to prob- 
ability, stating elementary definitions and theorems in some detail. He then proceeds to develop 
the mathematical basis of stochastic processes in a clear, logical fashion. No other book contains a 
detailed discussion of the mathematical basis of the subject. Ready in March. 654 pages. 
Prob. $10.00. 


send for on-approval copies 
JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N. Y. 
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IMMEDIATE DELIVERY 
$695 with stainless steel tank 
and glassware clamps 


G M —F—7. MARKET PLACE.,—MADISON 3, WIS. 


WH vy 


A new and more 
complete line of paper 
chromatographic 
equipment 

carefully engineered 
for use in this new 
field of analysis. 


CHROMATOCABS 
STEEL OR GLASS RACKS 
DENSITOMETERS 
INDICATOR SPRAYS 
ULTRAVIOLET LAMPS 
DRYING OVENS 
DISC CHAMBERS 
SOLVENT TROUGHS 
MICRO PIPETS 
CLIPS 


Prompt Delivery 


Write for Catalog SPRAYS 


1135 THIRD STREET, OAKLAND 20, CALIFORNIA 
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Publications Received 


An Annotated Bibiography of Selected References on 
the Solid-State Reactions of the Uranium Oxides. 
National Bureau of Standards Cire. 535. S. M. Lang. 
Washington, D. C.: GPO, 1953. iv+95 pp. 30¢. 


Code for Protection against Lightning. Handbook 46. 
National Bureau of Standards. Washington, D. C.: 
GPO, 1952. x + 88 pp. Illus. 40¢. 


Elections and Political Parties in Germany. 1945-1952. 
Office of the U. 8. High Commissioner for Germany. 
Bad Godesberg/Mehlem, Germany: Policy Reports 
Secretary, Office of Executive Secretary, 1952. ii+92 
pp. Illus. 


Evolution et Phylogénie chez Végétaux. Colloques Inter- 
nationaux du Centre National de la Recherche Scien- 
tifique, XLI. Paris: CNRS, 1952. 320 pp. Illus. 2200 frs. 


Flatland. A Romance of Many Dimensions. 6th ed. 
Edwin A. Abbott. New York: Dover Publs., 1952. 
xviii + 103 pp. Illus, $1.00 paper; $2.25 cloth. 

Hamburg Statistical Review VI. 1951, Hamburg Eco- 
nomic Studies. Hamburg Dept. Foreign Trade. Ham- 
burg, Germany: Carl Holler Verlag, 1952. 49 pp. Illus. 


Inter-American Tropical Tuna Commission. Annual Re- 
port for the Years 1950 and 1951. La Jolla, Calif.: 
Inter-American Tropical Tuna Commission, 1952. 57 pp. 
Spanish and English text. 


Joint Establishment for Nuclear Energy Research. First 
Annual Report, 1951/52. Kijeller per Lillestrgm, 
Norway: JENER, 1952. 21 pp. Illus. 

Photography Workbook. Victor C. Smith. Philadelphia: 
Lippincott, 1953. viii+ 83 pp. Illus. 


Recherches sur le Developpement des Carpophores dan 
les Agaricales. A. F. M. Reijnders. Verhandel. Koninkl. 
Nederland, Akade. Wetenschapp., Afdee. Natuurkunde. 
Tweede Reeks, Deel XLVIII, No. 4. Amsterdam: North 
Holland Pub., 1952. (In French; summaries in Dutch 
and English.) 116 pp. +25 pls. + vii pp. 

Research Corporation Annual Report for 1952. New 
York: Research Corp., 405 Lexington Ave., 1952. 55 pp. 


A Revision of the Colombian Species of Monnina ( Poly- 

lacae). Smithsonian Miscellaneous Collections, Vol. 

121, No. 3. Ramén Ferreyra, Washington, D. C.: 
Smithsonian Inst., 1953. v + 59 pp. Illus. 


Social Science Research Council. Annual Report, 1951- 
1952. New York: Social Seience Research Council, 
1952. 73 pp. 

A Study in Manic-Depressive Psychosis. Clinical, Social 
and Genetic Investigations. Acta Psychiatrica et Neuro- 
logica Scandinavica, Suppl. 79. Copenhagen: Ejnar 
Munksgaard, 1952. v +111 pp. 20 Swed. crowns. 


Substances Naturelles de Synthése. Vol. V, Préparations 
et Méthodes de Laboratoire. Léon Velluz, Ed. Paris: 
Masson et Cie., 1953. 206 pp. 1800 fr. 

Tables of Chebyshev Polynomials Sn(x) and Cn(x). 
National Bureau of Standards. Washington, D. C.: 
GPO, 1953. 161 pp. $1.75. 

Taxonomy of the Karroo and Red-back Larks of Western 
South Africa. Zoology, Vol. I, No. II. J. D. MacDonald. 
London: British Museum (Natural History), 1953. 
30 pp. +3 pls. 10s. 

Yearbook of International Organizations, 1951-52. Brus- 
sels: Union of International Associations, 1952. 1225 
pp. $7.00. 
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COMPLEX ANALYSIS 


By Lars V. Autrors, Harvard University. International Series in Pure and Applied Mathe- 
matics. 247 pages, $5.00 
A first-year graduate text covering the elements of the theory of functions of a complex variable, 
this text places emphasis on a true understanding of the whole structure of the material covered. The 
reader who has mastered the book will comprehend the use of complex analysis in physics and related 
fields; he will also be well equipped for further study of complex function theory. 


ADVANCED MATHEMATICS IN PHYSICS AND ENGINEERING 

By ArrHur Bronwe.., Northwestern University. 476 pages, $6.00 
Presents a mathematical foundation in the principal branches of advanced mathematics used in phys- 
ics and engineering. The fundamental laws of the more important areas are first expressed in very 
general form. These then become the springboard for the development of vast areas of applications. 
The text shows how the fundamental formulations simplify to special cases which usually form the 
starting point in solutions of problems. 


LOGIC FOR MATHEMATICIANS 
By J. Barxiey Rosser, Cornell University. International Series in Pure and Applied Mathe- 
matics. 530 pages, $10.00 
A comprehensive treatment of symbolic logic, this book offers an exposition of those principles of 
logic which are used by the mathematician in his daily work. The logic is developed simply at the 
start from first principles. Then the formal concepts are related directly to the fundamentals of think- 
ing in all fields of mathematics up through the theory of cardinal and ordinal arithmetic. 


INTRODUCTION TO MATHEMATICAL ANALYSIS 
By Water Rup1n, University of Rochester. International Series in Pure and Applied Mathe- 
matics. Ready in May 
A text for a senior or graduate introductory course in mathematical analysis, this book is intended 
primarily for the mathematics major. It develops methods and theories of analysis on the frame- 
work of a number of physical and fundamental engineering problems. It includes such topics as 
infinite series, continuity and compactness, the Reiman-Stieltjes integral, power series, Fourier 
series, the Lebisgue theory, etc. 


FLUID DYNAMICS. Fourth Symposium on Applied Mathematics 
M. H. Martin, Editor, University of Maryland. In press 


This book consists of papers presented at the University of Maryland meeting in June 1951 of the 
American Mathematical Society. Contributors include C. C. Lin, G. F. Carrier, A. Veinstein, S. 
Chandrasekhar, L. Onsager, G. Birkhoff, J. D. Synge and many others. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42no STREET, NEW YORK 36, N. Y. 


March 6, 1953 
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NOW OVER 5490 
CHEMICALS 


© Didymium Nitrate @ Dihydropyrrole 
Didymium Sulfate Dihydrothymine 
© Diethylamine Salicylate» Dihydrouracil 
e Diethy aceta @ 1,4-Dihydroxy- 
@ y-Diethylaminopropanol —anthraquinone 
© Diethyleneglycol © 1,5-Dihydroxy- 
Mere anthraquinone 
tethy ury @ 3,4-Dihydroxy- 
Diethyl Sulfone benzaldehyde 


@ Diethyl Zinc 
© Difluoroacetic Acid 


© Dihydroxybenzidine 
@ 3,4-Dihydroxy- 


phenylglycine 
3A- Dihydroxyphenyl- 


ne 

Digitoxose, d(+) 
Diglycylglycine 
Digoxin serine 


@ 2,4-Dihydroxypyridine 

© 2,6-Dihydroxypyridine 

@ 3,5-Dihydroxypyridine 

@ 2,4-Dihydroxythiazole 

@ Diiodohydroxypropane 
Ask for our new 


Laboratories, Inc 
17 West 60th St. New York 23, N.Y. 
Plaza 7-8171 


@ Dihexylbenzylamine 

@ Dihexylisoamylamine 

@ Di-n-hexyl Ketone 

@ 9,10-Dihydrophen- 
anthrene 


{ Flawless Operation, Safety Proof Design | 
Everlasting Dependability 
) ANGLE CENTRIFUGE 


(Superspeed) 


SERVALL ANGLE CENTRIFUGES, § © ton 
Type SS-1 and SS-1A are today recog- satety Se 
nized as standard laboratory equip- § Centering Device 


ment for both research and routine § for Dynamica 
work. Their savings in time and labor § °""""* 

are already legend. They can be de- 
pended upon to give faithful service pigerent Tube 


at those times when speed and volume § S!z#s! 

count the most. @ Separate Trans 
A Free Bulletin EO-31, will give you 

the complete report on the World’s @ Anodized Ro- 
Best Made Centrifuge the Jf tors for Corrosion- 
SERVALL Superspeed! — 


210 Fifth Ave., 
fran Sorvall, inc, 
/ 
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Meetings & Conferences 


Mar. 9-11. North American Wildlife Conference. Wash- 
ington, D. C. 

Mar. 11-13. National Agricultural Chemicals Association 
(Spring). Jung Hotel, New Orleans. 

Mar. 11-Apr. 8. Commission for Synoptic Meteorology 
of the World Meteorological Organization. Washington, 
D. C. 

Mar. 12-25. Commission for Climatology of the World 
Meteorological Organization. Washington, D. C. 

Mar. 13-14. Alabama Academy of Science, Ine. Florence. 

Mar. 15-19. American Chemical Society (Annual). Hotels 
Biltmore and Statler, Los Angeles. 

Mar. 16-18. Ciba Foundation Symposium on Preservation 
of Normal Tissues for Transplantation. London. 

Mar. 16-20. National Association of Corrosion Engineers 
(Annual). Hotel Sherman, Chicago. 

Mar. 17-19. American Meteorological Society, Symposia 
on Numerical Prediction; Climatology; Long-Range 
Forecasting ; Ice Island. Atlantic City. 

Mar. 18-20. National Health Council (Annual): New 
York. 

Mar. 19-21. Optical Society of America (Spring). Hotel 
Statler, New York. 

Mar. 20-22. International Association for Dental Re- 
search (Annual). Ben Franklin Hotel, Philadelphia. 
Mar. 22-25, American Association of Dental Schools. Ben 

Franklin Hotel, Philadelphia. 

Mar. 23-25. American Congress on Surveying and Map- 
ping (Annual). Hotel Shoreham, Washington, D. C. 

Mar. 23-25. Conference on Placement of Severely Handi- 
capped. Washington, D. C. 

Mar. 23-26. American Association of Petroleum Geolo- 
gists, Society of Economic Paleontologists and Min- 
eralogists, and Society of Exploration Geophysicists 
(Joint Annual). Coliseum, Houston. 

Mar. 23-26. Institute of Radio Engineers (Annual). Wal- 
dorf-Astoria Hotel and Grand Central Palace, New 
York. 

Mar. 23-27. Conference on Tropical Architecture. Univer- 
sity of London, England. 

Mar. 23-27. Western Metal Congress and Exposition. 
Pan-Pacific Auditorium, Los Angeles. 

Mar. 25-27. American Association of Anatomists (An- 
nual). Ohio State University, Columbus. 

Mar. 25-27. American Power Conference (Annual). Sher- 
man Hotel, Chicago. 

Mar. 26-28. American Academy of Arts and Sciences. 
Boston. 

Mar. 26-28. American Physical Society. Durham and 
Chapel Hill, N. C. 

Mar. 26-28. Eastern Colleges Science Conference. New 
York State College for Teachers, Albany. 

Mar. 27. Association for Research in Ophthalmology, 
Midwestern Section. Oscar Johnson Institute, St. Louis. 

Mar. 29-Apr. 1. Society of German Chemists, Union of 
Austrian Chemists, and Swiss Chemical Society (Chem- 
ical Meeting). Innsbruck. 

Mar. 30-31. Symposium on Retinal Diseases. Department 
of Ophthalmology, College of Medicine, State Univer- 
sity of, lawa, Iowa City. 

Mar. 30-Apr. 2. Association of American Geographers 
(Annual). Cleveland. 

Apr. 6-10. American Physiological Society (Spring). 
Chicago. 
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Sntroducing a Vow 


Advanees in 


Caneer Research 


Edited by JESSE P. GREENSTEIN, National Cancer Institute, Bethesda, Maryland, and 
ALEXANDER HADDOW, Royal Cancer Hospital, London 


VOUME I 
March 1953, xii, 590 pages, illustrated, $12.00 


Nise new series is designed to present authoritative reviews by outstanding 

international experts on various phases and areas of cancer research. 
Since cancer research is not a single subject, but a combination of a number 
of separate disciplines, each volume of the Advances in Cancer Research 
will include reviews on a number of different scientific approaches. It will 
not be forgotten that cancer is a disease as well as an academic problem in 
growth, and it is anticipated that after the first volume each succeeding one 
will contain at least one presentation of clinical research. 


Contents: 


Electronic Configuration and Carcinogenesis 
By C. A. Coutson, King’s College, London 


Epidermal Carcinogenesis 
By E. V. Cowpry, Washington University, Saint 
Louis, Missouri 


The Milk Agent in the Origin of Mammary 
Tumors in Mice 
By L. DMocnowsk1, University of Leeds, Eng- 
land 


Hormonal Aspects of Experimental Tumori- 
genesis 
By W. U. Garpner, Yale University School of 
Medicine, New Haven, Connecticut 


Properties of the Agent of Rous No. 1 Sar- 
coma 
By R. J. C. Harris, Royal Cancer Hospital, 
London 


Applications of Radioisotopes to Studies of 
Carcinogenesis and Tumor Metabolism 
By Cartes Hemecsercer, University of Wis- 
consin, Madison 


The Carcinogenic Aminoazo Dyes 
By James A. MILLer and Evizapetu C. MILLER, 
University of Wisconsin, Madison 


The Chemistry of Cytotoxic Alkylating 


ts 
By W. C. J. Ross, Royal Cancer Hospital, Lon- 
don 


Nutrition in Relation to Cancer 
By ALBert TANNENBAUM and HERBERT SILVER- 
STONE, Michael Reese Hospital, Chicago, Illinois 


Plasma Proteins in Cancer 
By Ricuarp J. Winzter, University of Illinois 
College of Medicine, Chicago 


Author Index—Subject Index. 


Academic Press Inc., Publishers 


@P 125 East 23 Street, New York 10, N. Y. 


March 6, 1953 
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PERSONNEL PLACEMENT | 


YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the U. S. 

76 foreign countries—at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, coy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


POSITIONS WANTED 


Botany, Biology, Ph.D., from Eastern University, with experience 
in rencang. and many other branches of this field. Box . 
SCIENCE. 2/20, 27; 3/6 


Biologist—Conservationist: B.S., M.S., (Ph.D. Summer 1953). 
Desire college teaching in Biological, Zoological, Conservation sub- 
jects. Three years college teaching biological—conservation subjects. 
Seven years practical experience. Sept. 1953. Box 41, ae 
1 


Bacteriologist, Ph.D.; three years’ full time university teaching; 
particularly interested industrial research, preferably in food or 
fermentation industry. For further information, please write Science 
Division, Medical Bureau (Burneice Larson, Director) Palmolive 
Building, Chicago. 


Otto Rahn, 71 years old, wants a position in non-medical bacteriol- 
ogy, . teaching, literary, fermentations, food preservation. Idaho 
State College, Pocatello. 3/13; 20 


eaeetiatnain, Ph.D. Presently employed with well known Drug 
Company esires new industrial or academic research position with 
large or growing organization in New York City, or environs. 4 
years industrial and academic experience in fundamental and ap- 


plied research in antibiotics, Married. 29. Veteran. Box 42, 
SCIENCE, 


POSaTxONS OPEN 


Opportunity for Ph.D. with knowledge of vertebrate anatomy to 
jom anatomy department of medical school and obtain training 


and experience in teaching human gross anatomy. Box 43, 
SCIENCE, 


The Weizmann Institute of Science, Rehovoth, Israel. Applica- 
tions are invited for the post of Head of the Department of Bio- 
chemistry. The work of the Weizmann Institute of Science is 
almost entirely in the field of research though there may be a 
certain amount of post-doctoral tuition. The basic salary is IL. 205 
per month, plus a cost of living allowance (at present IL 88 per 
month). A family allowance is also paid. Further particulars may 
be obtained from the undersigned, to whom applications skould be 
submitted by April 15th, 1953. J. Gillis, Academic Secretary, 250 
West 57th Street, New York 19, N. Y. x 


SCIENTISTS—-salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bldg., Pittsburgh 19, Pa. 


POSITIONS OPEN 


... A CONFIDENTIAL 


CONSULTING SERVICE 


Personnei!! 
“The RIGHT Person for the RIGHT Position” 
Please write for details 


SCIENTIFIC PERSONNEL SERVICE 
122 South Michigan Ave. Chicago 3, Iinois 


(a) Young Physician interested or experienced in research; toxi- 
cological boratory, one of country’s leading companies; key 
appointment. (b) Physician interested in vascular-renal physiology 
and Ph.D. who has majored in vascular-renal physiology; medical 
school department of obstetrics-gynecology. (c) Pharmacologist, 
M.D. or Ph.D., to conduct research on pharmacodynamic action of 
drugs; minimum three years’ experience, pharmaceutical industry 
required; East. (d) Biochemist-Physiologist; preferably Ph.D. ; 
research involving study new organic chemicals; duties include 
serving as consultant in biochemistry, physiology, pharmacology ; 
large teaching hospital; East. (e) Anatomist, physician, to head 
department as professor and executive officer. S3-1 Science Division, 

edical Bureau (Burneice Larson, Director) Palmolive Building, 
Chicago. 


Wanted: Bacteriologist, full time research, Midwest University, 
Ph.D. or M.S. Competence in egg techniques desirable. Box 38, 
SCIENCE. 2/27; 3/6 


MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

Single insertion $19.50 per inch 

17.50 per inch 


13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


LINGUAPHONE MAKES LANGUAGES EASY 
At home, learn to speak Spanish, Italian, French, German, Nor- 
wegian, Russian, any of 29 by easy 
Li ph World’s-Standard tional Method. ve time. 
work and money. Send for FREE book TODAY. LINGUAPHONE 
INSTITUTE, Mezz., Rock. Plaza, New York 20, N. Y. 


BACK NUMBER PERIODICALS Bought and Sold 


@ Tell us what you want!—What have you to offer? 
Abrahams Magazine Service » DEPT. P, 56 E. 13th ST. 
Established 1889 NEW YORK 3, N. Y. 
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The MARKET PLACE. 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


WANTED TO PURCHASE .. . Sets and runs. foreign LOOKING FOR A PUBLISHER? 
SCIENTIFI eriopicats | libraries | smaller your’ beck. AN’ Won’ 


WALTER Jj. JOHNSON @ 125 East 23rd St.. New York 10, N. Y. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are ron to sell 
at high market prices. Write Dept. A3S, 8. CANN INC. 
Boston 19, 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
lso, please send us your want lists. 
STECHERT - RARER, me, 
31 East 10th St., New York 


PROFESSIONAL SERVICES 


LABORATORY SERVICES 


in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 


Mineral determinations including sodium 
and fluorine 


Proximate analyses 

Vitamin and amino acid assays 

Food biochemistry and microbiology 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 e MADISON 1, WISCONSIN 


wis 


CONSULTATION 
RESEARCH 


SOUTH SHORE 


ANALYTICAL AND RESEARCH Inc. 
148 ISLIP AVE. P, 


A NATIONAL SERVICE 


RELIABLE and 


§=PERSONAL SERVICE 
TEACHERS to Colleges and Universities of the Nation 
ACEN CY 


and COLLEGE 
BUREAU 


Member MATA. 
25 E. Jackson Bivd. Chicago 4, Illinois 


March 6, 1953 


VANTAGE PRESS, Inc. 120 W. 31 St., 1. 
jellywood Bivd., Hollywood 2 


In Calif.: 6356 H 
SUPPLIES AND EQUIPMENT 
HYPOPHYSECTOMIZED RATS 
For farther information 


HORMONE ASSAY LABORATORIES, Inc. 


| i 
e MICROSCOPES 


e ILLUMINATORS 
e MICROTOMES 


Equipment for Photomicrography 
Specialists in Leitz and Zeiss Equipment 


Write to 
ERIC SOBOTKA CO. 


@ #159 Ave. 
Chicago 29, ti. 


For the Sest 


102 West 42nd Street 
New York 36, N. Y 


For Uniform Clinical and Research Determinations 
SWISS ALBINO MICE 
ALBINO RATS 
N. Z. WHITE RABBITS 
Annual production 130,000 
Bio-Lab. Breeding Institute 


Phone 3224 


Box 597 Bainbridge, N. Y. 
THIS ie the EXACT SIZE RECTANGLE “XIN Sreumewrs 
on the Field Finder containing 
over Fe lines and indicia, No. 201-050-150 
They form a simple, non-marking Micro-Slide 


device for the microscopist to re- 
locate fielde of interest ina 
elide-mounted specimen, Other 
advantages: Suverbd precision- 
With interchangeability; non-dee- | LOVINS ENGINEERING 


tructive; used by substitution.) COMPANY 


— 


FIELD FINDER 


ATS RABBITS 
LABORATORY ANIMALS ) ear 
Clean healthy well-fed animals MICE POULTRY GUINEA PIGS 
@ Guaranteed suitable for your needs a4 
JOHN C. LANDIS + Hagerstown, Md. 


Reasonably priced — I 


Cc. P. AMINO ACIDS 
and Peptides 
‘or immediate delivery 
“CHEMICAL LTD. 
Santa Monica, Calif. 


For CONSISTENT Rats .. . 


@ BUDD MT. RODENT FARM 
@ CHESTER, N. Jj. 


Breeders of a recognized strain of Wistar. 


1651 18th 


d 
—— 
| 
RMACOLOGY 
pHOCHEMISTRY 
POXICOLOCY 
ANIMAL opATHOLOSS | 
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—The MARKET PLACE 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


SUPPLIES AND EQUIPMENT 


TRANSPARENT BOXES 


For small OBJECTS G SPECIMENS 
Useful in ALL LABORATORIES 
Fine for Home Workshops, etc. 
Write for New Literature S-TPB 20 for $1.00 


R. P. CARGILLE LABORATORIES, Inc. 
117 Liberty St. New York 6, N. Y. 


SUPPLIES AND EQUIPMENT 


STAINS 


STARKMAN Biological Laboratory Bloor St.. W- 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin + Phone 35318 


PARASITOLOGICAL 


PREPARATIONS 


e high quality—low priced. Write for catalog 
P.O. Box 2227, 


TROPICAL BIOLOGICALS @ =. Juan, Puerto Rico. 


CRIPPLED CHILDRIEN 


The National Society for 
Crippled Children & Adults, Inc. 
11 S. LaSalle, St., Chicago 3, Ill. 


Centennial 


Symposia presented to commemorate the first 
hundred years of AAAS include 42 papers 
by leading scientists in thirteen major fields: 


* Sciences of Society * The World's Natural 

as Educational Potentials Resources 

* Human Individuality ~« Genes and Cytoplasm 

° Food _and Nutrition ° High Polymers 

* Housing 

* World Health Problems’ Interactions of matter 

* Sources of Energy and Radiation 

* The Upper Atmosphere: Waves and Rhythms 

7% x10% inches, double column, 

clothbound, 320 pages 


Cash price to AAAS members $4.50 
Nonmembers and institutions $5.00 


A.A.A.S. Publications 
1515 Massachusetts Ave., N.W. 
Washington 5, D. C. 


Enclosed find my check or money order for 


eer re for one copy of Centennial. 


24 


PHOTOVOLT 


Line-Operated Electronic 
MULTIPLIER-PHOTOMETER 
Mod. 520-M 


Absorption and flame photometry. Colorimetry through 
microscopes. Scintillation measurements. Fluorescence 
trace analysis. Monochromatic color densitometry. 


Write for Bulletin #360 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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What GENERAL ELECTRIC People Are Saying 


Ss. P. NEWBERRY 
General Engineering Laboratory 


In the early excitement of the electron micro- 
scope, research workers joined in a mad rush 
to obtain higher and higher magnification 
ictures. Nearly five years elapsed before it 
Comme generally recognized that magnifica- 
tions of 10 to 100 thousand times were far too 
reat to correlate results with previous magni- 
fications, usually less than one thousand times. 

A practical idea of the difference in magni- 
fication can be gained by considering the '¢- 
inch, 200-mesh specimen grid of the electron 
microscope. At 1000 times magnification its 
image is 10 feet across, and a single mesh open- 
ing is approximately 2” square. Now at 100 
times magnification the screen is 
more than l4-mile across and the individual 
mesh opening is over 17 feet. An 8” x 10” pic- 
ture obtained at 100 thousand times represents 
a sampling of only .2% of the area of a mech 
opening and only 2/100,000% of the tiny 14” 
specimen we started out to explore. Experi- 
ence has taught us that we must increase 
magnification in gradual steps of about 3X 
per step if we are to form a definite conclusion 
of how the minute structures are correlated 
with the over-all structure. Indeed, when we 
change methods of viewing or methods of 
specimen preparation, it is often necessary to 
compare pictures at the same magnification, 
actually superimposing identical fields of view, 
so we may maintain continuity with past 
knowledge. 

After finding out that the highest magnifica- 
tion is not always the best, the deenen 
microscopist has another important lesson to 
learn. He must realize that he cannot live in 
an “ivory tower,” solving problems by crystal 
gazing in his microscope. Ire must work with 
the people who have the problems in the shop. 
He must help them to choose and prepare 
samples, and they must help him interpret 
what he photographs. He should encourage 
the use of other equipment to support or 
check his own findings. The electron micro- 
scope adds the very important element of 
vision to problems which depend upon the 
ultrafine structure of matter, on it does not 
give all the answers by itself. 


7th National I.S.A. Meeting 
Cleveland, Ohio 


E. S. LEE 
Public Relations Division 


RECOGNIZE THE ENGINEER: In engineering, the 
product’s the thing. It is the product around 
which everything moves and toward which 
everything is directed. The scientist brings 
forth new knowledge from nature; the engineer 
forms that Lenelel » into products for people 
to have and to use. The engineer may improve 
present products or create new ones. But 
throughout, the product's the thing. 

This is what makes engineering universal; 
this is why engineers are in the forefront of 
every advance. 

The engineer has been so busy doing things 
that he has not brought his siory to the people 
of our country. Therefore they do not recognize 
the importance of his story, and thus far his 
recognition has been a problem for him alone. 
But today the seriousness of our world situa- 
tion has taken the problem out of his hands. 
It is now a problem for the nation—engineers 
must be conserved for engineering, and their 
numbers must be 

This demands an earlier understanding of 
the engineer by the public at large. It demands 
that he receive the recognition due him in sub- 
stantial degree. It demands that military 
assignments be made only for necessity in 
technical matters. It demands that secondary 
school curriculums be complete with the neces- 
sary physics and chemistry and mathematics 
to provide the best training for those entering 
engineering schools. And it demands that those 
young people capable of advancing in engi- 
neering be eager to tackle the hard work which 
the training requires. 

There is an imperative need for this under- 
standing if our nation is to advance its present 
world position. The creative ability of the 
engineer is meeting its greatest challenge. But 
now the engineer must create another new 
product: a universal and spontaneous recogni- 
tion of the engineering profession. 


General Electric Review 


You can put your confidence in 
GENERAL @@ ELECTRIC 


il | a 


for ordinary microscopes 


BRILLIANT DETAIL 
Phase Microscopes 


Living organisms and tissues, pale or faded preparations, 
emulsions, plastics, and other materials are often too 
transparent to be seen by ordinary bright field micro- 
scopy. 


Phase microscopy converts invisible differences in density 
in the specimen into images which are clearly seen and 
photographed. 


AO pioneered today’s methods of phase microscopy by 
developing numerous gradations and types of contrast 
for emphasizing different details and insuring that 
nothing is missed in examining transparent specimens. 


Whether you prefer a standard contrast outfit which 
suffices for most applications, a small, special purpose 
outfit, or the most elaborate equipment — AO’s long 
experience and complete selection of equipment are your 
best guarantee of satisfaction. For literature, write 
Dept. Q1. 


American Optical 


INSTRUMENT DIVISION 


BUFFALO 15, NEW YORK 
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